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These we in tvo groups! General and Technical Work9$ TM formef iaclnAing the tvro 
DzscBiPTTVi: G-BOMBTBIE8, and the more general problems in the Shadks and Shadows and 
the HiOHEB PBBSPKCTIVE, are designed for College Oetieral Sci^ntijtc Courses as well as for 
Polytechnic Schools. The latter^ including the more practical and ftpecial problems of Shadows 
and Perspective, together with the Machine Drawing and Stone Cuttino, are more efcpecially 
for the use of the Technical Scientific Schools, and for practical men. 



I. 
THE ELEMENTS OP DESCRIP- 
TIVE GEOMETRYjSHADOWS 
AND PERSPECTIVE. With a 
brief treatment of Trehedrals, 
Transversals, and Spherical, Axono- 
metric and Oblique Projections. 
For Colleges and Scientific Schools. 
1 voL small 8vo, with 24 folding 
plates in separate case $3 50 

This brief text-book, intermediate between 
the preceding and following is wholly new and 
not an abridgement of the latter, and includes 
the valuable feature of examples for practice. 

II. 

ELEMENTS OP DESCRIPTIVE 
GEOMETRY. Complete in itself 
for Colleges, and with the subsequent 
volumes of application,! or Technical 
Schools. One vol, 8vo, 24 folding 
plates and woodcuts, cloth. . .f3 50 
This differs from I., in being a fuller treatise 
on Descriptive Crcometry only. Most of the 
r^nlar forms used in the mechanic arts being 
those of revolution, while some of the graphical 
operations necessary in the employment of such 
surfaces are lost in dealmg with the more gene- 
ral and unpractical forms commonly found in 
t'^eatises, it is considered as an advantage that 
this work Is limited to surfaces of revolution, 
and yet fully exhibits the principles and opera- 
tions of the subject. It contains also an espe- 
cially full treatment of the fundamental division 
or problems of the point, Itne^ and plane,— 
besides the exhibition (perhaps the first time in 
English) of a number of demonstrations in the 
manner of Olivier, of properties of the conic 
sections, etc., by the method of projections. 

III. 

GENERAL PROBLEMS OF 
SHADES AND SHADOWS. 

Formed both by Parallel and by 
Radial Rays; and shown both in 
Common and in Isometrical Projec- 
tions, together with the Theory of 
Shading. 8vo, with 15 folding 

plates, cloth $8 00 

This volume includes a wider range of prob- 
lems than can elsewhere be found in English, 
Bttd a thorough discussion of the principles of 
shading ; Shades and Shadows on Planes ; on 
Cylindrical and Conical Surfaces ; on Screws 
and other Warped Surfaces ; and on Spherical, 
and other Double-Curved Surfaces, By means of 
a perfectly natural order of succession of topics, 
a complete mastery of the Principles for use in 
Practice, is afforded, without disproportionate 
attention to any one class of problems. 
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HIGHER PERBPEOTIVEjaEN- 
ERAL PROBLEMS IN THE 
LINEAR PERSPECTIVE OP 
FORM, SHADOW, AND RE- 
FLECTION : or, the Scenographic 
Projections of Descriptive Geome- 
try. 8vo, with 17 large folding 
plates, cloth $3 50 

Distinguished by its concise summary of vari- 
ofu metbodB of perspective construction (Chap. 



II. General Tables and Fundamental Problem s), 
a full pet of standard problems, and a careful 
discussion of special higher ones. This work 
also explains the exact construction of both 
simple and difflctiU perspective shadows ; both 
directly and from thmrpriffections. It also gives 
examples of x>erspectives of interiors, of 
shadows by candle-light^ and of r^flectiotis from 
mirrors and water. 

V. 

ELEMENTS OF MACHINE 
CONSTRUCTIONANDDRAW- 
ING; or. Machine Drawing, with 
some elements of descriptiye and 
rational Cinematics. A Text-book 
for Schools of Civil and Mechanical 
Engineering, and for the use of 
Mechanical Establishments^Artisans 
and Inventors. Containing the 
principles of Gearing, Screw Pro- 
pellers, Valve Motions, and Gov- 
ernors, and many standard and novel 
examples, mostly from present 
American practice. In two vols. 8vo, 
1 vol.of text illustrated with 119 fine 
wood engravings, and 1 vol. contain- 
ing 84 large folding plates, cl., f 7 50 
This work is designed to till a place hitherto 
Tinoccupied, so for as known to the author. By 
presenting mofttly single mechanical organs, 
rather than whole machines, it avoids useless 
repetition, and needless size and cost, and yet 
affords great variety, and all the information 
needed for the drawing of whole machines. In 
size and contents it is thus between small and 
fragmentary works and the generally unavail- 
able quartos or folios. It also lies between such 
works as are merely descriptive and empirical, 
giving rules without reaeons, and such as are 
wholly theoretical and general, and without 
examples in a practical form. It is especially 
adapted to students as it err braces the elements 
of mechanism generally, and not any one class 
of machinery exclusively. It may thus very 
usefully precede or accompany such works as 
Willis' s^Principlesof Mechanism,"or Bankine's 
** Geometry of Mechanism and Dynamics of 
Machines" (in his "Machinery and Millwork"), 
ia the education of the Mechanical Engineer, or 
for office reference. 

VI. 

STEREOTOMT— P R O B L E M S 
IN STONB-OUTTINQ. In four 
classes — L Plain-sided Structures. 
II. Structures containing Develop- 
able Surfaces. III. Structures con- 
taining Warped Surfaces. IV. Struc- 
tures containiug Double-curved Sur- 
faces. 8vo, cloth, illus. with wood- 
cuts, and 10 folding platep. . .$2 50 
A work for Engineers. Architects, Masons, 
Technical Schools, and Students, in. which the 
princ^les and practice of this most important 
part of Applied DescriptiveOeomeiry.Bre amply 
explained and illustrated by the text and plates 
of a series of elegant problems, so chosen as to 
very compactly i-epresent every class qf atrvc- 
tureSf and every form of surface. 
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I. 
FRBE-HAND QEOMETRICAL 
DRAWING. (An essentially new 
work.) This provides a suitable 
training of the Student, Draughts- 
man, Mechanical Artisan, and De- 
signer of geometrical decorations, 
in the free-hand drawing of regular 
forms^structure and machine sketch- 
ing^ and lettering. Part I. — Plane 
Drawing. Part II. — Solid Drawing. 
Part III. — Elements of geometric 
beauty. 12 Plates and many Wood- 
cuts. 1 vol., 12mo, cloth. . .$1 00 
Or in four Parts, 4to size, neat 

covers $1 00 

Separate Parts, each, 30 cts. 

II. 

DRAFITNa INSTRUMENTS 
AND OPERATIONS. (Re- 
vised edition, enlarged, and with a 
selection of the most commonly 
useful plane problems, and beauti- 
ful new plates.) In four Divisions 
— ^I. Instruments and Materials. 
II. Fundamental Operations. III. 
Plane Problems and Practical Ex- 
ercises. IV. Elements of Taste in 
Geometrical Drawing. 7 Plates 
and additional Woodcuts. . . . 

This volume teache-t correct practice in the 
executioji of finished mechanical drawings, by 
full instructions*, applied in many varied ex- 
ercises, which always interest the student by 
their pleasing effect, and obvious utility. 

1 vol. 12mo, cloth $1 25 

Or in four Parts, 4 to, neat cover 

$1 25 
(Parts may be had separately.) 

III. 



ELEMENTARY PROJECTION 
DRAWING. ^ Contaming Ele- 
mentary Projections, Masonry, 
Wood and Metal Details, or Ele- 
ments of Structures and Machines, 
Elementary Examples in Shadows, 

y. B. T/iese Works^ together with cheap suitable 
can be obtained through booksellers everywhere. 



Isometrical and Oblique, or Picto- 
rial Projections, Elementary Struc- 
ture Drawing. Numerous Plates. 

|1 50 

This leading elementary Tolmne, to which 
the preceding, and particularly the last, are 
preparatory, is especially commended to High 
Schools, Academies, Industrial and Art 
Schools, and to Draughtsmen, Inventon and 
Mechanics, as ample for school and self- 
instruction. 

It is, in fact, an Elementary and Applied 
Descriptive Geometry, indicating the charac- 
ter and uses, and leading to the more pleasant 
and profitable study of that subject. 

IV. 

ELEMENTARY LINEAR PER- 
SPECTIVE, both of Forms and 
Shadows; or, the Representation 
of Objects as they appear, made 
from the Eepresentation of Objects 
as they are. In two Parts — I. 
Primitive Methods, with an Intro- 
duction. II. Derivative Methods, 
with some notes on Aerial Per- 
spective. Wood engravings. 12mo, 
cloth |1 00 

This volume, complete in itself^ and with full 
explanations of the prindplen and rules of Per- 
ppecttve, is useful to all who, whether for busi- 
ness or pleasure, have occasion to do with the 
arts of ornamental or pictorial design — Artiste, 
Architects, Decorators. Engravers, and in 
Ladies^ Seminaries and Schools of Design. 

V. 
PLANE PROBLEMS IN ELE- 
MENTARY GEOMETRY: or, 

Problems on the Elementary Conic 
Sections — the Point, Straight Line, 
and Circle. In two Divisions — I. 
Preliminary or Ii;strumental Prob- 
lems. II. Geometrical Problems. 
With an Introduction, Plates, and 
Woodcuts. 12mo . . . .• $1 25 

A useful companion to the stuf^y of Geometry, 
to cultivae observation, neatness, accuracy, 
and memory of the principles. 

This volume, complete in itself, contains a 
full and varied separate collection of problems, 
especially on the interesting and practically 
useful subject of tangencies. 
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PREFACE. 



GsoMETRiOAL Drawino is the proper language of Gkometrical Design ; 
w^hile the qualifications conferred by common schools greatly assist nearly 
every one in conceiving designs, at least for simple dwellings, various 
minor articles, home improvements, and common conveniences, etc., if not 
for important inventions. 

In tlie former cases it may be a great convenience, and in the latter one 
almost a necessity, to be able to express one's designs by intelligible draw- 
ngs. The power, however, both to make and to understand these draw- 
ings — that is, to write and, to read the graphic language^ must be acquired 
by an orderly study of Q-eometrical Drawing, beginning with the rudiments. 
Such study would, therefore, seem fitted to be everywhere, as now in some 
places, a useful element in common education. 

The present work, commenced several years since, has grown from hum- 
ble beginnings, in teaching a very elementary course, to include topics so 
numerous, and calling for so much care in arrangement and detail, as to 
suggest that the preparation of a worthy elemen.ary text-book is by no 
means a holiday task, or one to be performed any less carefully and stu- 
diously than the making of a treaise on the higher portions of the same 
department of study. In fact, the details of right beginnings, though so 
Important, acquire such a commonplace familiarity to a teacher, as to be 
overlooked with harmful facility when composing a text-book, unless 
promptly noted as they are suggested in the course of previous experience. 

The perfecting of a life-boat, or a steam-governor, may have cost as much 
thought as the general design of a vessel or a steam-engine ; and it is much 
the same in comparing the composition of a rudimentary and an advanced 
text-book. 

But to pass briefly to a more particular notice of the contents of thia 
manual. 

Its four divisions comprise : — I^rst^ a full description of the familiar, and 
" e more rarely used drawing instruments ; Second^ a complete study of the 

krious operations of the draftsman, considered abstractly, i.«., apart fi*om 

leir application to the drawing of particular structures. Experience 

as shown the value of this mode of treatment, inasmuch as, according 

o it, the mind is wholly devoted to one thing at a time, and hence 

elieved fi-om perplexity; and inasmuch, also, as no time, materials, 
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31' paHetice are lost by spoiling in exeeution, drawingg ifhich haT< 
accur^itely eotatrueted at the cost of some lioura or days of labor; 
comes s short collection of practical construciioDsinTolviDg two diEnei 
Fourth, to complete the drafUman's ability to Bniah with neatness, ci 
ness, and taste, the previously ouUined drawing, some remarkB c 
principles of taste which are to be observed in making geometrical 
ngs have been added, which will, it is hoped, contribute materially 
hject pi.. posed. 

Some topics in the last diTision, as tiiat concerning colors, may b 
sidered as being treated with unnecessary fulness. But it can neTer be 
vantagcoas to an accomjiUshed diansmsn to posBCBS cultivated lasto, or 
wise than probably very u-efut to have his knowledge of principles o 
in advance of his foreseen application of them. In respect to thi 
division, especially, I remark that it is not necessary to consisteni 
course of drawing of two dimensions, that notliing but surface obji 
figures of two dimensions, should be di'awD, but only that no moi 
two dimensions of the object represented should be considered. Thi 
SO far as solids are cumbincd, as in pnvemcnbi, fronls of brick walls, c 
fronts, with reference to forming a prescribed supnfieial pattern or ai 
ment, tliey fotin proper subjects for drawings involving but two dime. 
The combination, likewise, of spiicea or volumes, ss rooms in a dn 
with reference solely to forming a ceitain ground plan, gives oocai 
ma:iy entertaining problems of two dimensions, which will proba 
found on triul not to be useless in tlie incidental culture of refined t 
matters ooiicerning domestic and social life. 

Problems, like those of compound curves, Div. IIT. Chap. IV., [ 
themselves under a threefold aspect. First, they may be analyn 
resolved into their abstract geometrical problems. Second, they 
each as one concrete problem, tbua: Required lo form a compounc 
composed of circular arcs and tanjrent at given points to two pa 
But this concrete probleTn appears in two forms, its general or gene'ii 
which is the one just stated; and in its gpecifle, industrial, at technie'd 
as when certain proportions in tlie required figure are prescribed m 
minate numbers, as used in the architectural arts. 

These problems, when treated abs'ractly by tie separate soluti 
their components, properly appear in a course of umple geometric: 
lems. When in their ultimate or industrial form, they should be 
n works treating primarily of the industrial arts in which they are a 
But in their general concrete form, as seen in this volume, they i 
tliink, be advantageously placed in a course of general geometrical d: 
of two dimensions; hence I have included some of them lo this form 
present volume. 

In respect to the use of this work, it may be suggested that (he I 
will lind a great saving of time and labor in so conducting the { 
exercises in coju^udion a* to keep all of the class at work on th 
thing at tlie some time — he explaining at the blackboard, and dii 
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ihe successive steps of the student's prog^'fiss, so that, moreover, uniformity 
will be secured, and many mistakes will be prevented. 

It is true that the advantages of this method have, apparently, a com- 
pensating evil, which consists in its partial discouragement of self-reliance, 
resulting in a certain degree of fancied hel[)lessness on the part of the stu- 
dent. But this evil, it is beheved, will nvt be appreciable when students 
are properly instructed, and encouraged duly to exercise their own powers, 
and when they aim so to do. 

In the instruction of a clas < with reference to all matters of mere exectb- 
Hon, after giving to its members, collectively, such general instructions ai 
can thus be profitably conveyed, the time must, to secure the best results, 
be chiefly spent in giving immediate personal instruction to each one 

parately. 



PREFACE TO THE REVISED EDITION. 

Since writing the foregoing preface, fourteen years ago, great changes 
have taten place in the field of education. The number of Technical Scien- 
tific Schools, both privately supported and nationally endowed, has increased 
many fold. In the meantime, Secondary Education, while not abandoning 
or diminishing its former distinctive work of "preparation for business or 
college," has been slowly beginning to shape itself to the other and comple- 
mentary side of its total proper work, viz., preparation for industrial life, 
and for higher scientific study. Accordingly, quite a number of schools of 
high grade are now found, which are either wholly or partly devoted to this 
form of preparatory work. 

Nothing seems more obvious, in this connection, than that similar grades 
of aU preparatory studies should be taught in all preparatory scientific 
schools, or departments ; and that the higher Technical Schools should 
thus be enabled to require for admission the elements of all the subjects 
pursued in them. Instead of being compelled, as they generally have been 
hitherto, to do some portions of preparatory work themselves. 

Agreeably with these views, the elementary series on instrumental, or 
Tnathematical industrial drawing, of which this volume is one, is intended 
for only provisional use in the Higher Technical Schools, until such time as 
its subjects can be required for admission therein ; while its normal intended 
use is in connection with preparatory scientific education, whether for the 
TTiany mechanical industries, or for subsequent higher scientific study. 

The series is also intended for Artisans* Schools ; Normal Schools, in 

lining sections of their pupils for teaching its subjects ; and for self- 

struction. 

In thoroughly revising this volume with reference to the several uses just 

idicated, the following improvements have been made : 
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1. Considerable new and useful infonnBtion has, in m very bi 
been wrought into the Diriaion on Instruments and Materials, 
additional figures, and one new plate, together with an improved 
of portions of the former text. 

2. Numerous new or improved puBgraphs, with additional pra 
HffM, have been scattered through the three remaining divisions. 

3. As an undoubted Improvement, rendering the work more 
both in itaelf and as a preparBtlou (or the ' ' Phojkction Dbaw. 
which it is most closelr coonectcd, a selection ot fiftj of the most 
useful plane geometrical problems, from my separate volume on th 
has been added to DivisLoQ III. 

4. Two plates have been added to Division III., to supplement 
cuts, and to serve better as models of execution. 

Liberal as has been the faror accorded to this volume, in thi 

lively limited field hitherto found for it, the progress of industrial 

nical education will, it Is hoped, secure a much wider field in t 

In which it may, as now improved, be found worthy of correspom 

Newton, Uim., October, 18?B. 
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Pupils' and Stvdenis' Outfitt. 

One possible hindrance to the greatly needed more general ii 
trodiictioLi of elementary instrumental drawing into prejtaratoi 
schools, being the supposed cost of instruinentu, it becomcB higlil 
important to state here that dealers, niio may be found in all tt 
more important industrial centres, are giving increased attentic 
to the t'ltruisbiiig of cheap yet sufficient scliool sets. 

While it is true tliat the fine work of professional draftsmc 
i-equires the best instruments, and that these are expensive, tl 
requirements of pupils' work can be cheaply met. " School sets 
can bo had, including a scale, in moi't cases, at prices ranging fro. 
JO.75 to $5.00 ; the (lraicing-boar<l, T-sqttare and triangles can 1 
made, if need be, by any good mechanic; and paper, bought : 
quantities for a school, is quite cheap. 

Once more: — As this vohime, nnd the preceding one on Ge< 
metrical Free-Hand Drawing, may bu used together whh especi 
advantage in the manual training of the draftsman and geometi 
cal industrial designer, many of their examples can he nscd into 
changeahly : those of this volume, especially from Division III 
ns additional examples in the free-hand drawing of geometric 
objects ; and some of those of the other volume as further exe 
oiaes for instrumental drawing of surface objects. 
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Divisioisr I. 

INSTRUMENTS AND MATERIALa 



CHAPTER I. 

DESCRIPTION OP INSTRUMENTS ANI> MATERIALS. 

Preliminary Remarks. 

1. We shall first describe the instruments and materials used 
in geometrical drawing, in their natural order, as follows : 

A. Those connected with the reception and support of the 
draiwing ; paper, drawing-boards, etc. 

B. Those used in construction ; rules, compasses, scales, etc. 

C. Those used in execution ; pens, ink, brushes, etc. 

D. Accessory articles, 

A. Paper^ Drawing-boards^ etCy and their ma7iagement, 

2. Drawing-paper and cloth is of various forms and kinds, as 
may be most readily seen by a tabular view, as follows: 

The prices are only given as a general guide to those who ai'e 
unfamiliar with the subject. They will, of course, vary more or 
less with the conditions of trade and currency. 

I. In Sheets, 

1°. Whatman's drawing-paper, the standard, with these varie- 
ties : cold pressed or rough ; hot pressed or smooth ; extra rough ; 
extra thick ; selected^ or second quality^ of which the latter is con- 
siderably cheaper and sufficiently periect for many purposes. 

Name. Size in Inches. Prices per Quire. 

% $ 

Cap 13 X 17 0.70 to 0.80 

Demy 15 x 20 0.85— 1.00 

Medium 17 x 22 1.25— 1.50 

Royal 19 x 24 1.60— 2.00 

1 
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Name. Size la locbu. Prfcai] 
$ 

Snper-royal 19x87 2.00 i 

Elephant £8 x 28 3.00- 

Imperial 23 x 80 3.00- 

ColombU 28 X 84 4.S0- 

AUm 26 X 84 4S0- 

Doable elephant 27 x 40 6.75 - 

Antiquttriaa 31 x 63 18.00- 

2°. Antique or egg-shell i>a)>er, from demi/ to imperii 

S°. Machine-made paper. Tbis is of tongh surface, sti 
rubber well, and is well suited to ordinary school uses 
half the price of the corresponding sizes (cap, to double 
of Whatman's. 

4°. English, French, and Gurman tinted papers, for 1 
poses, crayon and charcoal drawing, etc. 

5°. Bristol board J of various thicknesses, and white 
composed of sheets rfuck and press' d together, and ^ 
HJze from cap, Vi x 15 inchec, to iraperial, 20 x 28 inch 

6°. Tracing-paper, a semi-transparent tissue-paper, fo 
purposes. Some kinds, very tough, as French vegetal 
are durable. Siztis fromcap, 13 x 17, to 30 x 40 inches, 
from $1.20 lo J4.50 per quire. 

7°. Blank book, or heavy w li ting-pa per ; of cap tc 
sizes, may be used for line drawings. 

8°. Whatman's, mounted on cotton ; royal to antiqua 

9°. Transfer-paper, having a smeared surface, capable 
an impression under pressure, and thence used to tram 
ings to new sheets. 

n. In Mom. 

1°. Detail paper, tough surfaoe, hnff color, from 36 to 
wide, 10 to 25 cents per yard. 

2°. While or cartoon paper; thin; medium, thick; ( 
widths and qualities, and from 25 to 70 cents per yard. 

3°. Egg-shell paper in rolls, with varieties as above. 

4°. Mounted on cloth, different widths from 36 Inc 
inches, and qualitie?, $1.00 to $2.00 per yard. 

fi". Tracing-cloth, more durable than tracing-paper, ] 
42 inches wide. 

6". Tracii t-paper. French and German, 40 to 64 in( 
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3. Determination of choice. Various comparatively trifling cir- 
cumstances, such as the size of desks provided, or a desire to make 
school practice closely imitate office practice, in the scales adopted 
(though this is altogether unnecessary), may determine the sizes 
of paper chosen. But it may usefully guide beginners to add the 
following : 

4. The sheets from medium to super-royal^ marked off in four 
plates to a sheet, are highly serviceable in elementary practice ; 
where it is desirable to have each plate so small that the spoiling 
of it shall not be a serious hindrance. Where a stouter paper is 
preferred, double-elephant paper, cut crosswise into two sheets, 
each 2b x 27 inches, may replace either of the foregoing. 

6. Super-royal^ or Imperial^ in two plates, are, either of them, 
well adapted for machine drawing, or stone-cutting plates; and 
for wall exhibitions of school work. 

6. Elephant^ Atlas, or Columbia, are tvell suited to bridge or 
other structure drawings, on usual scales; while the roll papers 
are adapted to lecture drawings, or other extra large construc- 
tions ; or for long maps — as railway and canal maps. 

Y. Detail or office paper, 2l buff manila paper, of smooth firm 
surface, is useful and sufficient, when, for the sake of securing 
quantity and variety of practice, rather than finished execution, 
a part of the required drawings are left in pencil, or in iiiked 
lines, with little or no shading or coloring. 

8. Tracing-cloth, being durable, is convenient for portable 
drawings, as builders' plans ; and those which are to be folded 
up with manuscript ; also for making permanent copies of stand- 
ard drawings made on paper. 

9. Paper mounted on cloth is very durable, and adapted to 
drawings for repeated lectures, office preservation, and for any 
other purposes in which permanence is desirable. 

10. The flat writing-paper, obtainable at book and stationery 
stores, and paper warehouses, is of various weights ; and, as to 
texture, is "irot?e," having a uniform surface, or "/aeW," having 
a wavy or water-lined appearance. 

11. Drawing-Boards, with respect to material, are usually of 
pine or mahogany. 

The size best adapted for all the uses described in this course, 
and for instruction generally in geometrical drawing, is 20 X 28 
inches. A mahogany board of this size need not be over half an 
inch thick, and a pine board f of an inch thick. The material 
should be thoroughly seasoned, and free from pitchy spots, and the 
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board should be bound at both ends with cleats of hard wood 
tongued and grooved iato the body of the board to pieveni 
warping. 

12. J^or drawings on small plates, pai-ticularly when it ia desireij 
to carry the drawing to and from school frequently, a sinaU thir 
board, about 12 x IS inches in size, is very couveiiient. These, 
and indeed, ail drawing-boards, can be made of very enduring 
form, by gluing together many narrow pieces. 

13. Drawing-boards are sometimes made to rest in a rectangulai 
frame, just as the glass does in a picture-frame, and are then secured 
with buttons, or cross bars ; but this arrangement is not as good 
as the solid pine board above mentioned, since only one size of 
paper can be advantageously used in it. 

14. Little pins, with broad brass or German-silver beads, and 
called Thumb-lacks, are used for securing paper loosely to thf 
drawing-hoard. See PI. I., Fig. 10. 

15. For Jirmly security the paper to the drawing-board, a pro- 
cess which will be fully explained further on, nothing is more 
convenient than the " mucilage," now everywhere cheaply sold in 
bottles of convenient form, together with a suitable stiff flat brush 
for its application. This substance has quite superseded the dis- 
solved gum-arabic, prepared by each one for himself, which wae 
used in former years. 

§ B. — Of the Instruments vsed in Construction. 

16. Compasses, Rulers, and Scales summarily embrace the in- 
struments here to be described. 

Compasses, or dividers, PI. L, Fig. I, are instruments with two 
movable legs, turning on an axis, and in one plane. They are 
for the purpose of laying down related pairs of points upon the 
paper, and for drawing circles, and curves compounded of circu- 
lar arcs, 

Jiiikrs are instruments for drawing lines, whether straight or 
curved, on the principle of following a continuous guide. 

Scales are for the purpose of determining measures, whether 
linear or angular. 

17. In exact drawing, as in the construction of a geometrical 
figure, many or most of the lines are drawn with the ruler, through 
points previously located by the use of the compasses. When, in 
addition to a given law of constnietipn, as in the case supposed, 
the di-awing ia made for some industrial purpose, and there- 
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fore from given measurements^ definite distances are taken from 
scales. 

We shall, therefore, describe the above instruments in what 
appears to be their natural order, compasses^ rulers^ scales, 

§ a. Compasses^ or Dividers, 

18. General remarks. Names. So far as compasses need to 
be distinguished from dividers, the latter term seems to be prop- 
erly confined to compasses with unremovable steel points only, 
as if in PI. I., Fig. 1, the clamp-screws, hh^ were to be omitted, 
and the points a and b made solid with the stock cc. 

Kinds and Qualities, Several grades of metallic drawing, or 
mathematical instruments are made. Also those of English, 
French, German, and Swiss manufacture differ from each other 
in various particulars of design and style. 

19. Swiss instruments are of two qualities, of which the best are 
the finest instruments that are made, while the others are good 
enough for all ordinary purposes. 

20. French and German instruments, especially the former, 
are very^ cheap, and sufficient for apprentices and schools, as well 
as for the more common drafting purposes. 

21. English instrujnents have quite a distinct style of their 
own, but are chiefly distinguished by what is called the sector 
joint in the dividers and compasses, instead of the long joint^ 
commonly seen. The latter joint extends down from the head 
into the body of the instrument, as indicated by the line mn, PI. 
I., Fig. 1. 

No such junction appears in the sector joint, its working sur- 
faces being entirely confined to the head of the instrument. These 
surfaces, when fitted, are coated by the maker with hot beeswax, 
which lasts for an indefinite time, and gives a perfect deadness of 
motion, or freedom from ready displacement, without the neces- 
sity of screwing the joint up very tightly with the key gf. 

These joints, it is claimed, open and shut at every degree of 
opening, with more perfect uniformity of effort, than is the case 
vith the usual long-joint instrument.* 

22. American histrunients^ of the Swiss quality, and known as 



* For many details too numerous as well as unnecessary to plax^e in a text- 
)ook, though interesting to experts, see Stanley's mathematical drawing 
nstruments. 
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Alteneder's, are distinguished by an HdjaBtahle pivot joints and are 
well worthy of attention. 
^^. 23. Detailed descriptiofu The various kinds of compasses will 

h. now be described. 

(a.) 2Vie plain dividers have immovable legs of steel, fastened 
to a brass or Owman silver stock. The best kinds have steel 
joints, capable of being loosened and tightened. These, and all 
kinds of jointed compasses, should open and close with a uniform 
resistance at all parts of the motion, and without a jolt due to the 
imperfect fit of the joint-pin in its bearings, and the points should 
be sharp, of the same length, and close together when the instru- 
ment is shut. These divfders are used to lay off given distances 
on a line, and to divide a line into equal parts. 

(b,) Tfie hair-spring dividers have, on the inner side of the stock 
of one leg, a spring, which is fixed at its upper extremity in a 
groove, and to it one of the steel points is attached. A screw 
passes through both the stock and the spring, by which the spring 
i* controlled, so as to move the attached steel point through a very 
; minute space. The use of this instrument is, to take off a distance 

from a finely graduated scale more readily than by the plain di- 
viders, which are operated by the unassisted hand. 

(c.) The large dividers with movable points, and their furniture, 
needle-point, pencil-holder, extension bar, and pen-point. PI. I., 
Fig. (1-4). 

There are two modes of fastening the movable legs, viz., by 
clamp-screws and by a "bayonet" insertion, no, PI. II., Fig. 8. 

Of these modes, the former is preferable, though less quickly 
accomj)lished, since it does not become ineffectual through loose- 
ness of parts after 4ong use ; though the bayonet, or slip joint, is 
preferred by some, and if coated with wax as above described (21), 
may be permanent. 

For drawing large circles, an extension leg, not shown, is pro- 
vided, which is inserted between the pen or pencil point and the 
stock. 

Among the furniture is sometimes found a dotting-pen^ which 
consists of a small wheel, armed with points, and placed between 
the points of two blades, between which, and over the wheel, the 
ink is placed, as in the drawing-pen. 

Sometimes the form of the large compasses is modified by having 
the needle-point permanently attached to one leg in place of the 
ordinary three-sided steel point. 

(d.) T/ie small compasses with movable legs are but a duplicate 
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of those just described, only much smaller, and used for drawing 
small circles, down, say to those of one-eighth of an inch radius. 
Theoretically, this could be done with the large compasses, but 
practically, even the resistance of smooth paper will spring their 
points out of place to an amount which, though very small, is large 
in proportion to the radius of a very small circle. By shortening 
the compasses, the point is brought nearer to the joint, and the 
whole is ihus made stilfer. Compasses of the various sizes, but 
especially the smaller ones, are often provided with handles at 
the bead to facilitate their nse. 

The large and small compasses of different makes, vary from 
3 J to 7 inches in length ; and in price, indicative of quality, from 
French brass histrimients on cardsy for young pupils, at ^1.00, 
embracing one pair of 5 J inch compasses with fixed needle-point 
and other furniture, and a drawing-pen; to German instruments, 
with the same and a scale, at $3.00 to $4.00 ; and the best Swiss 
at $10.25 for the same number of pieces, for expert draftsmen. 
These, however, provide a separate needle-point, but do not in- 
clude the drawing-pen. 

(e) Among other forms of small compasses for special uses are 
the Bow compasses^ used only 4br drawing circles with pen or 
pencil. There are three forms of these compasses. The first form 
is like the small dividers just described, only it is somewhat 
smaller, and has a needle-point permanently attached to one leg, 
and a pen or pencil-point to the other, one or both legs being 
jointed, so that the working parts may be held vertically. See 
PI. II. Fig. 2, which, however, shows a movable needle-point. 

The second form, see PL 11 Fig, 3, might be called " box bow- 
pens," since the part a is enclosed on all sides, except that on 
which the pen is seen. This pen is attached to a spring which is 
screwed at the upper end to the bottom of the box a. The screw, 
«, draws in oi releases the pen by its action upon the spring which 
carries the pen. 

The pen is jointed at n, so that it can be made vertical, and the 
outer blade is jointed at />, allowing it to be opened for conve- 
nience in cleaning. 

The third form is like the " spacing dividers," PI. II Fig. 1, ex- 
cept that it carries a pen or pencil in place of one of the needle- 
points. 

The value of these infltniroents being greatly diminished by 
breakage of the usual fixed needle-points, it is a great impro^^ 
ment to have them made with movable needle-points. 
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(f) The spacing-dividers are like the third forai of bow-pen, 
except that both legs terminate in fine points, so that the sole use 
of the instrument is, to take off small distances with accuracy. Sec 
PI. I. Fig. 1. 

As a general principle, simplicity in an instrument is veiy desir 
able, hence it is preferable to have the spacing-dividers, pen, and 
pencil as three separate instruments. 

Sometimes, however, as shown in P1.II. Fig. 4, the bow-pencil 
compass of this form has a collar or sheath, s, at about the middle 
of the length of one of the legs of the instrument. A separate 
piece, Pf is formed, with a pen at one end and a needle-point, c, at 
the other, which slides into this sheath, and is held there snugly 
by a flat spring within the sheath. Thus the three instruments are 
combined in one, but they are usually longer, and therefore less 
stiff than the kinds before described ; besides, the pen is liable to 
" wiggle " in its sheath after being used for some time. Another 
form of spacing-dividers, which is very stiff and will control longer 
distances than the form already described, is shown in PL I. Fig. 6. 
It has stout triangular legs, joined at the top by a stiff circular 
spring, q^ on which is mounted a handle to facilitate its use. 
[These instruments, and those oi section (e) are here described 
together for convenience. When used as pens, they strictly belong 
to the class of instruments used in execution.] All compasses, 
whose legs are thus coimected by screws, should have those screws 
made to work on a pivot, e, Figs. 1 and 5, as otherwise the nut, «, 
v/Ul bind and tear out the threads after the legs have been sepa- 
rated for a short distance. As in the case of bow-pens, it is a great 
improvement to have movable needle-points, as N, PLII. Fig. 8, 
attached to the spacing-dividers. 

(g) Beam compasses of various forms are used for drawing, 
with great accuracy, very large arcs or circles. There are three 
forms which will here be described. 

The first, see PL II. Fig. 6, has the " beam," B, made of wood, 
of a prismatic form, so as to keep the axes of the two points paral- 
lel. CC are sliding-collars, carrying the vertical working parts. 
Between the outer plates of each of these collars, is a third plate 
which is clamped tightly against the beam by the screw, Z. gg ar« 
guides attached to this interior plate, and working through holes 
in the outer plate, so as to keep the interior plate from dropping 
out or slipping about. The vertical leg. A, is attached to a hollow 
cylinder, e, which, with the leg, may be slowly shifted by turning 
the screwhead, 5, which bears against the fixed cylinder, r. Thus 
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the distance between the needle-points can be exactly adjusted to 
a given radius. The other needle-point is released by loosing the 
screw, t, and may be replaced by a pen or a pencil-holder. 

There are slight modifications of this construction in other in- 
struments having wooden beams, but the general arrangement is 
he same. The second form can be understood from the descrip- 
ion of the first, without an additional figure. The beam in thia 
case is cylindrical and of metal, fornred in lengths which are made 
to be screwed together. The slidingcoUars which carry the work- 
ing parts are, therefore, hollow cylinders. In order to keep the 
axes of the working points parallel, a small, straight groove is 
formed throughout all the pieces of the beam. When the pieces 
are screwed together, this groove becomes continuous, and a small 
projection from the inside of the collars, which slides in thia 
groove, keeps the collar from turning on the beam. The work- 
ing parts^ need no further mention, being the same as in the last 
form. 

The third form, also called tubular compasses^ is jointed like 
plain dividers. Each leg is a hollow tube, from which the lower 
part can be drawn out as the tubes of a spy-glass are extended. 
See PI. II. Figs. 7 and 8. J is the joint, of the usual form, k is 
a portion of one leg not fully represented, a is the hollow part of 
the leg, broken so as to show, as at 5, that it is hollow. From 
out of this hollow part slides the cylinder, €?, which is clamped by 
a screw, 5, and carries a box, 6, which receives the pen, pencil- 
holder, or needle-point, h. gg is a groove in which slides a guide, 
screwed into the box, 5, of the leg, a^ at B. This prevents the 
cylinder, c?, from turning in its sheath. 

The peculiar i^stening of the piece, A, to the box, e, is an instance 
of the bayonet-fastening before mentioned. It consists of a plate, 
o, fixed into the cylindrical paiii, n^ and a slit, p^ in the box, €, 
which receives the plate, o. It has not the sure tightness of the 
common screw-fastening, and is but little, if any, more expedi- 
tiously used. By opening the legs till the comers, rr, meet, and 
drawing out the tubes to their full extent, a radius of twenty-six 
or eight inches can be commanded. 

(h.) Proportional compasses. — PI, II. Fig. 9, shows one of these 
orapasses in its most complete form. This instrument is princi- 

lUy used for expeditiously copying a given figure, so that the 
jopy shall have any desired ratio to the original. This is accom- 
plished by means of two pairs of points on opposite sides of the 
joint, and by making the^om^ movable. 
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Description. — LL, II are the legs, of eteel. The bod 
of German silver. The whole instrument is in two pai 
meet on the line fp' ; and, as the instrument is shown in 1 
these turn in a plane perpendicnlar to the surface of t 
ahout the axis ai of the screw y and movahle joint U1 
jiiint is in two parts, U and U', both fitted to the san 
Each half of the hody, L and L', contains an open groov 
extending nearly from L to f.' Projections on the inne 
U and U', extending to the ]ine/)p', freely slide in these 
when the instrument is closed as shown in the figure. 

R is an adjusting bar, which can he clamped by th( 
to tiie stud T, which enters U' by means of a small pin in 
side. The screw m then operates to adjust the slide 
to any desired position. Also, when the instrument \s op 
be transferred, to rest by its pin in the hollow stud r, hor; 
under half of the iustrumeut. The bar, B, then connect 
legs, and by means of the ecrew m, operates as in Figs 
to set the points exactly to a desired opening. 

Graduation. — The most complete instruments bear ft 
named Lines, CircleR, Polygons, Solids. Of these the 
lines is shown, its divisions expressed in fractions. Tl 
joint carries a line or index cut upon it for eath scale. 

Operation and uses. • Scales of Lines. — The joint be 
that a fine line cut upon it at i, and called its index, coint 
the division marked J on the scale of lines, the opening of 
at^' will then always be one-fonrth of the opening at;*, 
this may be. Thus, having a given figure, to be cupiei 
fourth of its original size, we take vp each line of the git 
with the points p, and set it down upon the new figure 
points p'. Conversely, if the given figure is to be copit 
times the given size, we should take up the lines of the gii 
with the points/)', and set them down on the copy with t 
■p. Like explanations apply to all the othir divisions of 
of lines. 

Scale of Circles. — This is used for dividing circles ii 
parts,in constructing inscribed polygons or for any other 
At ^ on the scale of circles, the opening at p' will be the 
onefourth of the circumference of the circle whose rad 
opening at p, whatever this may be. 

Scale of Polygons, otkenoise called that of Plans, or 
(From the last paragraph, the scale of circles might al 
inappropriately called the scale of polygons.) Retaining 
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ratio, J, for easier comparison, if the joint be set at J on the scale 
of areas, and if the sides of a given figure be taken up with the 
points jt>, and set down with the points ji>', the area of the copy will 
be one-foitrth of that of the original. 

Scale of Solids. — Setting the joint by its index, at \ on this 
scale, and taking up the edge of a given solid with the points at 
p^ the opening of the points at p' will measure the corresponding 
edge of a similar solid whose volume will be one-fourth of that of 
the given body. 

Square und cube rods, — ^Knowing that similar areas are to eacli 
other as the squares of their like (homologous) sides ; and that 
similar solids are to each other as the cubes of their corresponding 
(homologous) edges, we find that, conversely, the like sides of simi- 
lar figures are to each other as the square roots of their areas; and 
the like edges of similar solids are to each other as the cube roots 
of those solids. Hence, when the joint is set at ^, for example, 
on the scale of areas, the areas of the similar figures constructed 
with the points p and jf/ will be, respectively, as 5 and 1, and" their 
sides will be as the square roots of 6 and of 1 respectively. 

Similar reasoning applies to other divisions, and to solids. 

The value of this instrument is lessened, but not destroyed, it 
any of its points are broken, for after setting the joint approxi- 
mately to a required ratio by the scale, the ratio of the distances 
between its points can be found by trial, by the aid of the screw, 
m. Still, great care should be taken not to break the points ; and 
having obtained and laid off, once, a required distance from them, 
that distance should be taken up, if it is to be laid down several 
times, in a pair of plain compasses, and by them laid off upon the 
drawing, bo as to save the points of the proportional compasses 
from avoidable wear. 

(i.) Whole and half compasses. — This instrument, Fig. a, is a 
special case or partial form of the last one. It has legs of the ordi- 

Fig. a. 




nary form on both sides of a ** box-screw " joint of the ordinary 
construction, the pair of legs on one side being just half as long as 
the pair on the other side, so that the distance between the points 
of the longer pair will always be just double the distance between 
the points of the shorter pair. Hence the instrument can be used 
to make a drawing of either double or half the size of a given copy. 
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These instruments, more particularly the proportional compasses, 
are quite bulky and costly, while their value depends, particularly 
in the whole and half compasses, on the preservation of the exact 
ratio between the length of the legt*, which ratio is liable to be 
destroyed by uneven wear or by accidental breakage. 

(j.) Portable compasses, — These are of three forms : Pocket 
dividers^ with plain points. Pillar Compasses^ Fig. ft, and Pocket 
Compasses^ Fig. c. 



Fig. h 



Fig. c. 





They are made so as to protect the working parts, and to occupy 
but little space, so that they can be carried loosely in the pocket ; 
and thus are convenient for use wherever needed. 

Th5 plain pocket dividers consist only of a pair of ordinary plain 
compasses, furnished with a sheath, which encloses both points and 
is screwed to the stock near to where the steel points are welded in. 

The '' pillars," p and p\ Fig. ft, are hollow. The handles h and 
h' are jointed at their bases, and each, as here shown, carries a steel 
point between the pillars, and a pen, or pencil-point within the 
pillars. Thus the handles, when drawn out, afFt)rd a small hoio pen^ 
or bow pencil ; while by unfolding, without drawing out, we have 
a pair of plain dividers, and by inserting one or the other needle- 
point in the pillars, we have large dividers with pen or pencil point 
as desired. 

These compasses are thus appropriately termed "universal." 
Fig. c affords only large dividers, with needle, pen, or pencil 
points as desired, by turning the points on a central pin in the 
slotted legs. The two forms, ft and c, may therefore be distin- 
guished as universal compasses, with shifting, and with swivellifig 
points. 

(k) Triangular, or three-legged compasses, have a third leg, 
hinged to the joint of the other two legs, and capable of turning 
on the pivot of the principal joint. Hence the three points can be 
placed in every possible relative position. Hence, again, its use is 
to copy a map or other drawing, which has been divided up into 
triangles, by placing one of the points at each vertex of each triangle 

successively. 
Remark. On instruments with separable parts, a sufficient num- 
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ber of correspondiug parts are marked with a black dot, to show 
how they should be put together. 

§b.* Rulers, 

24. A drafting office needs various rulers, also called straight 
edgeSy more than are necessary to the student, and among them 
some of considerable length. The best are of steel, carefully kept 
bright, and conveniently held in place, when in use, by heavy 
weights. Otherwise, they may be made of any fine wood, of per- 
manent form, such as mahogany, maple, or pear-wood. These may 
be edged with metal ; but, otherwise, are thought to be best not 
varnished, at least on the working edges. 

25. A drafting office will be provided with T pqnares of various 
sizes, suited to diffijrent boards, and to the work in hand. Those 
suited to the drawing-board here contemplated for students (11), 
may have ahead, H, 10 inches long and f of an inch thick, heavy 



3£ 




enough to keep in place easily, with a Wade as long as the board, 
2 mches wide, and ^ of an inch or more in thickness. The blade 
ihould be fastened firmly to the upper side of the head, and not 
unk into it, and should be truly at right angles to it. 

This arrangement, it will be readily seen, allows of more freedom 
n the use of the triangles when they are slid along against the 
3lade of the T spuare than can be had when the blade is let into 
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the head, bringing the top of the head above the sui-face of the 
drawing-hoard. 

26. When the blade is framed into the head, there is sometimes 
a second or movable head placed above the fixed head, and revolv- 
ing on a pivot passing through the centre of the fixed head. 'A 
screw upon the upper end of this pivot serves to clamp the movable 
head in a position making any desired angle with^the edge of 
the blade, whence by turning the instrument upside down and by 
placing the movable head, when in any of its oblique positions, 
against the end of the board, parallel lines may be drawn in any 
oblique position across the board. 

The objection to this double-headed instrument is, that the 
movable head can never be clamped so tightly as to prevent a 
slight rap on the remote end of the blade from disarranging it, 
while, at the same time, parallel lines can be drawn with great 
facility in any direction by the use of the two triangles combined, 
as will shortly be shown. 

Again, the head is sometimes made in two pieces^ separated 
by two pieces of wood of the same thickness as the blade, and 
placed at each side of the blade, so as to leave an open space in 
the middle, between the two outside pieces of the head, into which 
open space the blade is fitted, and turns on a bolt passing through 
it and both pieces of the head. This form has the same uses and 
objections as the one last described. 

The T square may be made of any fine-grained hard wood 
not liable to warp. 

The blade is sometimes made of metal, and if a metallic blade 
could be found which would not rust or be readily tarnished, so 
as to soil the paper badly, it would be preferable to any other kind. 

There are forms of the metallic T square, protracting squares 
or " Trigonometers," which carry a graduated arc at the head, and 
a vernier upon the adjacent end of the blade, together with various 
sliding-scales upon the blade, sometimes, so that they can be uged 
in plotting surveys, by setting the blade at any angle with the 
head. This brief descnption will serve to call the attention of the 
reader to the existence of a T square of this form, which is all that 
is intended here. 

27. A substitute for the T square is the parallel nder. This 
consists of two rulers connected by parallel metallic arms, which 
revolve on pivots, so that as the rulers are separated by revolving 
the arms they will always be parallel ; the principle beh.g, that 
parallel lines have the parallel distances between them equal 
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28. Another, and in theory, very elegant form of this instrument, 
consists of a thick heavy ruler, mounted on the common axis of 
two equal cylindrical. rollers, the ruler being cut away for the 
reception of the rollers. If the rollers are of precisely equal 
circumference, and do not slip as the instrument is moved, the 
edge of the ruler will remain parallel to itself, as the instrument is 
rolled along upon the paper, the axis of the rollers being in th 
direction of the length of the ruler. 

29. I'riangUs^ PL 1., Fig. 6, are of various sizes and propor- 
tions, one of the angles being usually a right angle. In respect to 
material^ they are made of glass, wood, metal, or hard India- 
rubber. In respect ioform^ they are solid or open. Metallic and 
rubber triangles are made open in a single piece. Open wooden 
triangles are framed together in three pieces. Open and light 
colored triangles are here recommended, each of them having a 
right angle, one having also angles of 45*^, and the other angles of 
60^ and 30^. 

The sides opposite to the angles of 45** and 60° may each be 
nine inches long. For fine work, as in the smaller parts of machine 
drawing, some prefer a pair of triangles of the same proportions 
as the above, with their corresponding sides about five inches 
long. 

30. The advantages of the open wood triangles are, that they are 
more easily handled and less liable to warp. All open triangles 
also expose the draftsman's work more than solid ones, except 
glass ones, which are transparent . Rubber or dark wood triangles, 
being black or dark colored, moro readily conceal any ink that 
may get on them, and thus are more liable to occasion blotting. 
Metallic triangles soil the paper more than others, though this 
effect can be prevented by providing them with ivory feet. The 
framing at the angles of wooden triangles should be carried in 
quite deep, nearly to the angles of the inner edges in every case. 
As regards cleanliness, the natural surface of the wood, or a coat 

. of fine polish, is better than common varnish. 

31. Triaiigles having other acute angles^ than those of 46°, and 
30° and 60°, are chiefly useful to architects, in drawing roof pitches; 
and to engineers^ in drawing earth slopes. Their acute angles, for 
the former purpose, should always bear some simple ratio to a 
right angle.* 



* See tlie elements of geometric beauty in mj Elemektaby Fbee-Hakd 
Dbaweng. Part IIL 
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Triangles of 90°, 87J°, 22^° are convenient for some p 
Bucli SkB dividing a circle into sixteen equal parts. 

32. Lettering triangles are a convenience to those whose 
in lettering is unequal to their other drafting acconiplis 
In these, the hypothenuseis mnde polygonal with four si 
suited to the slant of K ; another to that of N", X, Y ; an 
that of A, M, V; and one to that of W. Moreover, in . 
provide for the usual variations, known as condensed, si 
and expanded letters, these triangles come in sets of thre 
ferent proportions. 

33. Irregular curves. Irregular curves, Pl.lI.Fig. 10, ar 
ments cut out of thin white wood, pear wood, ebony, eti 
met^l or horn, and are perforated so that the edges of the a 
and the exterior edges, together, afford a great variety of c 
varying curvature. The variety of patterns of these c 
so great that only this general rule can be ^ven as 
choosing them. Select for general use a pattern which ha 
more very sharp curves, and one or more curves of largi 
Wooden curves are of two thicknesses ; the thicker ones, 
of ebony or other fine material, have generally more , b 
tiiiished edges. Fl. II. Fig. 10, is given as one specimen of 
of assemblage of curves that it is convenient to have in ai 
lar curve- 
Si. Circular mles are wooden rulers, cut to fit arcs of c 

various radii. They form, for any given case, a very chea 
tnte for beain-oompasses, yet, on the whole, ai^e of doubtfu 
as each ruler can serve, except approximately, in drawin 
of only two different radii — or of four, if a circular slot be 
Ihe ruler — the edges of the I'ulera being concentric arcs. 

35. Pencils. — The pencils used in geometrical drawin] 
be of the hardest kind. Small pencils are prepared for m 
venient use in the compasses. 

The proper mode of i^harpening pencils for band usein 
rical drawing, is to an edge, and not to a point. Thosi 
which are attached to small compasses are better when si 
to a pohit. Pencils may conveniently be sharpened to an 
rubbing the opposite sides of the lead upon a fine &.s. S< 
Fig. 7. 

§ c. Scales. 

36. The instruments comprised in this section : viz. sea 
kinds, are said to be indirectly used, because whether ap 
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whe paper or not, points and distances are contained by them 
svliich are first transferred to paper by compasses, or a needle 
point, so that lines can be afterwards drawn with other in- 
struments — lines of the required length, through the required 
points. 

8fi. There are many varieties and forms of scales, which may bo 
grouped, as in the following table : — 



fFlat 



'In form. 



Single. - 



O 
H 

<s 

OQ 

< 
93 



ibnstmctJon, 
are 



Material, 
are of 



^inple, 
of one kind 



Linear, 
for lines 



Plain. 



Surfaoe 

Scales. 

Edge 

Scales. 



In 
1^ Division 



i 



In equal 
parts. 



■ 



.Triangular. 

Graduated 

throughout to 

the smallest 

divisions. 
Partially gra 
duated to 
J t smallest do. 

(,In unequal parts. 
jv, , ( Of units and decimal parts. 

I l "^eonm 1 Q J ^jjj^g ^^^ Tulgar fractional parts. 

I Grouped, of various plain S Chmter^s Scales. 

\ and diagonal scales \ Linear PlotUng Soalea. 

Angular, for angles Protractors. 

^^•ec&'''' distances in two | ^^^^ Plotting ScdUs. 

Mixed, of Averse kinds, linear and angular \»^^r^%oS2i^ 

Ivory. 

Wood, 

MetaL 

Pasteboard. 

Horn. 



In this table, scales of all kinds are analyzed, and reduced to 
their elements. The table will be best understood by constantly 
comparing it with the following definitions and explanations of 
scales in their actual form. * 

37. The most general definition of the word scale is, a series of 
gradations — of distance, of value, of weight, of heat, of beauty, 
of worth, of anything, in short, which may exist in different de- 
grees. 

In geometrical drawing, a scale is understood to be a contrivance 
by which any small distance, as a half inch for example, is taken 
to represent some, or any one, of the ordinary units of length, as 
a foot among mechanics, or a chain among surveyors. 

38. To understand fully the reason for having scales, we must 
consider that the ideas of skape^ and of aize^ are distinct and 
different. 

The shape or form of an object consists in the relative positions 
of its lines and surfaces. In other words : Form is a determinate 
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radially divided on three edges, there are a number of scales 
marked 1^, 1:J, 1, |, f, f, ^, etc. to ^, meaning inches in each case. 

These are called scales of 1^ inches to a foot, yard, or mile, or 
whatever the nnit of measure of the object drawn may be ; } of an 
inch to the foot, etc. ; ^ an inch to the foot, etc. Fig. 2 shows the 
plain linear scale of f of an inch to any unit of measure. Several 
points about this scale may now be explained, and when under 
stood, all similar scales will be understood. * 

(a.) If It be used as a scale of f of an inch to an inch^ then each 
large space, as from to 1, 1 to 2, etc., is considered as an inch, 
and is called an inch in using the scale. 

(b.) The space from to the left is divided at the bottom into 
twelve parts, and on top into ten parts. In the division into 
twelfths, the 3J, 6^A, and ^th lines are made longer than the 
others, so as to catch the eye, and assist in readily taking off 
distances. 

(o.) When, therefore, the scale is used as a scale of f of an inch 
to the foot^ each large space, as from to 1, represents a foot, and 
is called a foot. 

Since twelve inches make a foot, the twelve small divisions at 
the left represent inches, and are called inches ; thus, from the line 
at 3 to the sixth line at the left of 0, is three feet six inches, i.e., 
it represents three feet six inches on the object to be drawn. 

(d.) If the scale be used as one of f of an inch to a yard or rod, 
then from to 1 represents one yard or rod, and the twelfths, not 
being " aliquot parts " of a yard or rod, represent no " denominate 
number." The same is true of the tenths just over the twelfths. 

(e.) This scale may conveniently be used as a scale of f of an 
inch to 10 feet, yards, rods, etc. In that case, from to 1, 1 to 2, 
etc., each represents ten feet, rods, etc., and the space to the left of 
being divided at top into ten equal parts, each of those parts 
will be one foot, rod, etc. Thus, from 4 to the fourth dot at the 
left of is 44 feet, rods, etc. 

41. Similar remarks apply to all the linear scales found on the 
face of the ivory scale. Turning therefore to the back of the scale, 
we find a series of plain scales, marked 20, 30, 40, 45, 60, 60, 80, 
etc., at the left hand end. These are read as scales of 3 or 30 feet, 
rods, etc., to the inch, .... 5 or 60 feet etc., to the inch, as will 
now be explained. Fig 3, represents the scale marked 40, taken 
^om the back of the ivory scale ; now — 

(a.) Each of the spaces, as from to 1, etc., really is a quarter 
of an inch, and the one at the left hand of the division is divided 
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it top intu twelve equal parte by dota, and at bottom int 
parts by abort vertical lines. 

(b ) Then, if this scale be used as a scale of four feet 
eacb large space, bein^ one fourth of an inch, will rc[ 
will be called one foot; and the left hand space or 
divided into twolMs, each of those twelfths will represe 
be called, an inch. Thus, from the figure 9 to the eightl 
teitofO, is nine feet eight inches onthescaleof foorfeet 

(o ) If the same scale be used aa a scale oi forty feet 
then each large division, being \ of inch, will be \ oii<. 
ten feet; and the k-ft hand space, being divided inti 
paits each of those parts will be one foot. Thus, frou 
7 to the fifth of the divisions into tenths, is seventy-fi' 
scale of forty feet to an inch. 

(d ) In using the above scale as one of four yards to ! 
divided unit at the left of should be divided into three 
twehe, equal pans, bo as to give feet; and in general, 
umt of any aoale should be divided into as many parts 
untta of the next lower denomination contained in tl 
unit of the scale. The student should thus constrao 
^ arious numbers, of nules, rods, etc., to an inch. 

(e ) Practically, an inch is the measure taken to rc[ 
convenient number of units of the same, or some othei 
tion; but in order to become thoroughly familiar wit! 
least a single example of a different representative ui 
inch should be conceived. Suppose a scale of seven fi 
rod. Then, fii-st, lay off a few rods upon the groun 
divide I'ach rod into seven parts, and the parts so ol 
be fui-loQga by the supposed scale ; third, divide one of i 
or furlnnga into forty equal parts, since forty rods 
furlong, and the small parts so found will be rods on tl' 

42. Scales are expressed fractionally. Thus, a sci 
an inch to a foot is a scale of f of au inch to twelve inchi 
f ^ ~ ^ ; t, e., on a drawing made to this scale, each inc 
represents sixteen inches in length on the object. Ag 
of 4 feet to an inch, is a scale of 48 inches to one i 
i.e., each linear foot on the object is represented by ^ 
foot on the drawing. 

43. It will be convenient next to consider the remai 
of e^iial parts/ \iz. diagonal scales. Diagonal scalea o 
decimal parts are common, but similar scales of nnits 
fractional carta are just as easily made, as will be ahov 
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Pig. 4 shows a diagonal scale of units and decimal parts, such as is 
used in plotting the maps of surveys, where very small scales are 
used. Let ua suppose the scale to be one of 200 feet to an inch. 
Each of the larger divisions, as from to 1, etc., bemg half an inch, 
will therefore be 100 feet. The half inch at the left of bein<T 
divided into ten equal parts, each of those parts will be ten feet 
Now, the eleven horizontal lines of the scale include ten equa 
Bpaces, and the space, a5, on the lower horizontal line is divided 
into ten equal parts. A diagonal is then drawn from to a\ and 
then the other parallel diagonals are drawn as in the figure. Now 
in passing on Oa', from to a', we depart from the vertical line Oc^ 
a distance, aa\ equal to one-tenth of ab^ or ten feet ; hence in pass- 
ing from to the intersection of this diagonal with the first hori- 
zontal line from the top, we depart from Oa, one-tenth of oa', or 
one-hundredth of a5, or one foot. Hence the figure represents a 
scale from which we can take off units, tenths, and hundredths* 
Thus, calling the same scale a scale of two feet to the inch, the dis- 
tance betwee*! the small circles on the second line from the top is 
6.12 feet; the distance between the little circles on the sixth line 
below the top is 5.76 feet ; and the distance between the circles 
on the lower line but one, is 7.49 feet. That is, we have this 
rule : Place one point of the dividers on the vertical line passing 
through the figure expressing the unita^ and on that horizontal line 
whose number from the top down is the number of hundredths ; 
then extend the other point as many whole tenths to the left of 
the first diagonal as there are tenths in the given number, then 
the space on this horizontal line and between Oa and the first 
diagonal to the left will be the number of hundredths required. 
The points of the compasses will thus include the entire required 
distance. 

44. Fig. 5 is a diagonal scale of two inches to the foot, such 
that eighths of an inch are the smallest divisions that can be taken 
from it. Rule nine equidistant parallel lines, enclosing eight equal 
spaces, and draw vertical lines across them two inches apart, as at 
0, 1, and 12. Divide the space from to 12, and a J, each into 
twelve equal parts. Draw the diagonal Oa' and the remaining 
diagonals parallel to it. 12, being one foot, each of its twelve 
parts is one inch. If, then, in passing over eight spaces, from to 
a\ we depart from Oa one inch, in going over one space on Oa', or 
from to the first horizontal line below, we shall depart from Oa 
one-eighth of an inch. Hence we have a scale from which we can 
take off feet, inches, and eighths of inches. Thus from 1 to the 
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(urole at the left of is one foot two inches ; betwoe 
OD the third line from the top is one foot three inohi 
eightha; and between the circles, on the lowest line 

'^\ distance ia one foot ten inches and Beven-eighths. . 

^•^ 46. These explanations show iha,t the absohite dista 

' ., > the horizontal lines is of no consequence ; fill that is 
that these lines should be equidistant. Accordingl; 

I ' thoy are made somewhat far apart, and in Fig. 5 qi 

i' gether. It is also dear that the diagonals might bar 

L.,' parallel to a line joining a and c. In this caw the hoi 

■'■, would have been counted from the bottom one upwan 

-?-■ 46. Finally, then, we have these general rulet for i 

\i, tion of diagonal scales: JPKral, for a decimal scale, 

■ '■ equidistant horizontal lines, and draw vertical linet 

acvosa them to mark the units or larger divisions of th 

', divide the left-hand apace into ten equal parts at top 

''■ and connect the zero-polot at top or bottom with the i 

■-.,-■ division at bottom or top, respectively. Second, foi 

•'' scale of vulgar fractional parts let N be the denom: 

;' fraction expressing the smallest part of the unit of tb( 

; can be taken from the scale ; let p and g be factors of 

;.' p is the number of units of the next lower denominatic 

l-^ contained In a unit of the scale (as a foot), g is the 

;' of the least fractional part of this unit of lower denomii 

:■: is to be taken from the scale. Rule ; + 1 equidista 

"''. lines which will include g spaces. Divide them by 

.- into parts which shall be the larger divisions or units 

■ Divide one <rf the extreme divisions into p parts at 
f ■ torn, and draw the p.irallel diagonals as described in 1 
'- Thus a scale will be formed, such that j^ of the unit 
i, will be the smallest distance which can be taken fri 
r' ■ Let the student construct a diagonal scale of three inc> 
>_ from which sixteenths of an inch can be taken, 

' ■ 47, The linear scales of unegttal parta are those fom 

;'.. the large two-foot rules called " Gunter's Scales," i 

j> navigators for working ont certain problems in pr( 

'" trigonometry mechanically. Not being much used by 

' they will be but briefly noticed. The line AB, Fig, 

5;- of chords formed as follows. Draw a qundrant, AB, 

i ! mto spaces often degrees each. {It would, in praetici 

* ' _ into single degrees.) With A as a common centre, 

r' , with the chords A 10, A 20, etc., as radii, till they ( 
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lie spaces on AB, reckoned from. A, will be the chords of 
cessive arcs, also reckoned from A. Scales of chords are 
ae» seen on drafting-seal^. Hieir use will be shown in 
■nil. 

i from one extremity of an arc, as 10, Fig. 6, a line be 
perpendicular to the radius OA, passing through the other 
ty, such line ii called the sine of the arc, K then, through 
ine be drawn parallel to OA, the distance, O 10, cut off 
le vertical radius OB, will be equal to this sme. Hence, 
igh all the points of division on the are AB we draw liuei 




to OA, tbey will divide OB into a accde of sines, the dia 
!rom O to the successive points on OB being the unes of 
essive arcs reckoned from A. 
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Again if a line, AC, be drawn from A [terpendii 
and if the radios, 10, be produced to meet AC, the d 
on AC IS called the tangent of the arc A JO. Produci 
through the other points of division on the arc AB ti 
AC a scale of tangents will be formed, the distances 
oned from A being the tangents of the snecesBiye ari 
rIso from A 

49. Observe that the spaces on the scale of chord 
equal, decreasing towards B, that the spaces on the » 
decrease somewhat rapidly above 30, and that the divi 
scale of tangents rapidly increase in size beyond 30. 
tliat the chord of 60° equals the radius OA, that the 
equals the same radius, and that the tangent of 45° a1s< 

50, Drafling-scales, as well as other graduated insti 
sometimes provided with a vernier, a contrivance so nai 
inventor, and which is here explained. A vernier is 
scale attached to a principal one, to allow of the read: 
fractional parts of the least divisions of the latter. 1 



=t 
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AB is a scale of inches divided into tenths. The vemic 
along this scale, and is divided into ten equal parts 
exactly cover nine equal parts of AB. Hence a space 
(—.10) differs from one on the vernier (=.09) by .01 o 

Let it now be required to find the distance from th 
of AB to 0. In the fiist illustration it is a little ovi 
in the second, a little over 6.3 inches. In the first case 
on XhtL vernier coincides with a division of the scale, th 
less than the space a5, making 5o — .05 of an inch, and i 
. distance 5.05 inches. In the second case the 4' mark 
nier agrees with a division of the scale, 4'o is .04 lei 
or «o=.04 of an inch, and the required distance is 5.34 

From these UlnstrationB, we have the following rule 
the vernier. Set its zero-point at one end of the space 
and read on the principal scale up to the division nex 
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this zero-point for the inches and tenths. Then read along the 
vernier, and the number of spaces there found up to where one of 
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ita division lines coincidee with one on the scale, will 1 
dredtha. 

Other verniers, differently divided and related to tt 
scale, can bo made on the same principle as tlie above, 
give different fractional readings. Let the student • 
vernier to a scale of inches and eighths bo as to rea 
fourths, 

51. Aiiffular scafcfl are those used in laying off angles 
application of the instrument to the paper. The chief 
of this kind Is that whose construction and nse is illi 
Figs. 8, 8a pnd 8h, and which is called a protractor. Li 



centre of a semi-circle, a!/d, which is divided into 'eigl 
parts, of 10° each. A flat semi-circular piece of met; 
completely graduated to single or half degrees, is a sei 
protractor; and having its centre, C, marked by a i 
notch, may be used thus to lay out angles. Let CD be a 
line, and suppose it be required to draw a line at the p< 
shall make an angle of 50° with CD ; place the protraci 
centre at C, and its diameter on CD ; wiih tho needle-] 
pen-handle mark a fine dot on the paper at the line nia 
then through C and this point draw a line, as CT, whii 
dently make an angle of 50° with CD, [Let the etudt 
himself in drawing lines on both sides of a line, as DE, 
make given angles with either part of the line, as CD < 
flat circular ring aho graduated and used as just describi 
a circular protractor. 

52, MtU circle protractors, for the most accurate p 
made, 0, 8, and even 10 inches in diameter, and sometimt 
with a vernier, and a radial arm ; the former to aid in i 
angle more exactly, the latter. Fig. Sb, to aid in perfe 
it out on the paper. 

Consistency with these refinements, requires that me 
be provided for placing the centre of the instrument v 
npon that point on the paper which is the vertex of tl 
angle. For this purpose, protractors have been made w 
parent centre, on which are engraved segments of two ] 
lar diameters, not intersecting, but limited by a very s 
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leaving the centre on the paper visible, and easily set by the eye 
to the centre of the little circle. 

Protractors^ exceeding a semi-circle by the width of the straight 
or diameter piece, are made, and hence have their centres on the 
^nner edge of that piece. 

Paper protractors^ half, or whole circle, are made of drawing- 
puper, Bristol board, or tracing-paper. The latter are of 14 inches 
diameter, and divided to ^quarter degrees. The others are from 
4 to 8 inches diameter for half circle, and 13 inches for whole circle 
instruments, and the larger ones are graduated to half degrees. 

53. Suppose, now, that any rectangular piece of ivory or metal 
were placed with one of its longer sides, en^ to coincide with DE, 
and with the middle point, C, of that side coinciding with the cen- 
tre, C, of the semi-circular protractor. ISText, suppose the radial 
lines of division of the semi-circle to be produced where necessary, 
so as to intersect the sides of the rectangle. It is evident that 
since the points of division thus formed are on equidistant radial 
lines, they may as correctly be used in laying off angles as may 
the points on the semi-circle, and with the advantage that as en is 
usually greater than Ja, the points, 10-20, etc., of the angles 
which are quite acute, are further from the centre, C, than the cor- 
responding points of the semi-circle, and may therefore be more 
accurately located. Further details about protractors are more 
properly foimd in works on surveying and mapping. 

64. Mixed scales are those which embrace any two or more of 
the scales previously described, or other similar scales, both linear 
and angular. Of these the common six-inch ^^ protractor scale " is 
in very general use among both geometrical and topographical 
draftsmen. It contains on three of its edges a protractor scale, 
and on one of its faces a diagonal scale of hundredths, which two 
scales are much used in plotting the notes of surveys, since field 
measurements are usually taken in units (chains) and hundredths 
(links). It also often has on the edge containing the centre, C, of 
the protractor a scale of equal parts and tenths called an offset 
scale, for plotting the distances ft*om a straight chain-line to an 
irreg^ilar fence or shore-line. These distances are measured at 
right anglbs to the principal chain-line, and are plotted in that 
direction by placing the points C and 90 both on the given line, 
as DE, in which case the divided edge en will evidently be perpen- 
dicular to DE. 

56. Besides these scales, which are chiefly used by the surveyor, 
the protractor scale contains on its face (and the bevel-edged side 
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containing the angular divisions may be called the face), a number 
of plain linear scales, used by the draftsman, and marked IK. f, 
etc., which are scales of inches to the foot, as already explained — 
see Arts. 37-41 — and on the back a number of scales marked SO- 
40, etc., which are scales of 3 or 30, etc., feet to the inch, as pre- 
iously explained. 

66. Other foims of mixed scales, which need be but briefly 
noticed, are "Gunter's Scale," already mentioned, and the "Sec- 
toral Scale." These are not described in full, since the first is used 
chiefly by navigators, and both are designed, by aflfbrding scales 
of logarithms of numbers, and of the common trigonometrical lines, 
to embrace a sort of mechanical arithmetic — ue. these scales enable 
one to make out from them, with the help of compasses, mechani- 
cal solutions of various problems in finding the unknown from the 
known parts of triangles. Such solutions are, of course, far less 
laborious than those which consist of computations ; but as they 
give rather coarse approximations, the instruments used in making 
them have,, at least among engineers, been mostly replaced by 
the numerous and very full pocket-books of tables now -so much in 
use, and which save a great dpal of commutation. 

FIG. 0. 




Briefly, then, " Gunter's Scale " is a solid two-foot rule, usu- 
ally of box- wood, and brass-bound when best made, containing 
inch and half-inch diagonal scales ; scales of chords, sines, tangents, 
logarithms, etc., whose uses will be found described in scientific 
encyclopsBdias and works on navigation. 

57. The "Sectoral Scale" is a double scale, jointed like a car 
penter's rule, and having on each arm, besides scales similar to 
those jof Gunter's Scale, a linear scale which passes through the 
centre of the joint, so that any proportional parts of distances can 
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be taken off, on the familiar principle that parallels to tibe base of 
a triangle divide the sides into proportional parts. Thus, in Fig. 9, 
which is an incomplete sketch of this instrument, let Ca and Cd 
be two linear scales, passing through the centre, C. Let it be re- 
quired to divide any distance, say 5^ ins., into tenths, by this in- 
strument. From any scale of inches take five and a half inches in 
tlie dividers, and placing one point at the ten-mark on one ann, 
'»^tend the other point to the ten-point on the other arm ; then 
from 1 to 1 will be one-tenth of the space 10 to 10, i.e. of 5^ inches. 
Many other interesting and curious operations can be performed 
by the help of this instrument, but being, perhaps, in the present 
condition of drafting practice, quite as much curiosities as utilities, 
the description of these operations is left to be sought for in ex- 
tended treatises on instruments, encyclopsBdias of arts, etc. 

58. A few miscellaneous notes will conclude this description of 
scales. Scales have been very generally made on broad, flat, thin 
slips of wood, ivory, or metal, so that di'stances might, first, be 
taken from them by compasses, and then, secondly, transferred to 
the paper before the line to be determined could be completed. 
Such scales are '•^Surface scdles,^^ Many scales are now so designed 
as to abbreviate this process, by having the graduations upon the 

Fio. 10. 




edges, so that the two operations just named can be combined in 
one by placing the graduated edge of a scale anon an indefinite 
hne and pricking oif the required distance. One of the leading 
forms of these scales is the ^^ triangular scale^^^ Fig. 10, which 
-;ives six " edge acales^^'* and by a simple modification, in which 
ach scale should be double of another, two may be arranged on 
3ach edge, giving twelve edge scales. Another f jrm is the " en- 
gine-divided ** card-board scale, on which the graduations extend 
to the edge of the paper. These are " single " edge scales, each 
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pajier giTing but one, or perhaps on both sides, 
icales are ^t edge scales, giving, the 
■lea, according to their miiiinLT of gr 
e bevelled, on'vone side can be con ^ 
idaated, giving t\vo or more scalea eacl 
Protractors are edge scales. The li 
jales are nearly all surface sidles, that 
of the instrument. 

respect to extent of graduation, triati] 
les may have the snialleBt divisionR c 
e extent of the inetmrneDt; or only 
the end of eacb of the scales nmyl 
.he linear soales on the protractor seal 
.tter moiie is its cheapness ; the advan 
that it I'equires no shifting of the scale 
9 of numbei's of foet from a scale — si 

I distances be^ng reckoned from a ca 
vhile it is plain that in a scale dividei 
^ale must be shifled for every nev die 

II that point, as c, of ab is at a, who 
f the scale), added to the number of ten 
ikes the given number of feet 

/, as to kind of graduation, there a 
I in tenths, and duodecimal scales, divi 
and therefore adapted to the repiesei 
it ia much to be hoped, for more rei 
■e, that the latter will never be wholl 
Each has its proper uses. Both kindi 
already noted, on the protractor scaler 
1th respect to material, ivory and box 
ntages that the lines of gradnation : 
the other hand these lines are finer 
3 also more trying to the eyes. Metal 
■eadily tarnish, and thus soil the paper : 
obviated in the triangular scale, by 
trifle less than 60°, so that only its 

e "Plotting scale" consists of two piec 
ther, one of which can be clamped in a 
the other, so that any distance at right 
ed piece can be aet off at an; distance i 
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§ C. — Instruments and Materials employed in the Execution of a 

Drawing, 

62. Eight line pens. These consist of two thin steel Mades, n-? 
in PL IL Figs. 2, 3, 4, only in the right line pen, PI. I. Fig. 5, the 
blades are equally curved and attached to a simple straight handle. 
Ink is applied with a small brush, or slip of paper, between these 
blades. One of the blades is hinged to the liandle, so that it may 
be opened for cleaning. This construction is omitted, however, in 
the cheaper instruments. The blades are connected by a screw, ^, 
which regulates the distance between them, and therefore the size 
of the line which the pen will make. 

To ensure firmness of working, the blades are either quite thick, 
or are pressed apart by a spring, or the one opposite the head of 
the adjusting screw has a little projection, c, cast upon it through 
which the screw works. The joints are single or double in these, 
and also in all places where a hinge-joint occurs in the several 
instruments. The tightness of the joint being the same, it may be 
supposed that the pressure, being distributed over a larger sui-face 
in case of the double joints, they would wear longer. Double pen^ 
have two pens, connected by a bow-spring, to one handle. They 
are used for drawing parallel lines, and are also called road pens, 

63. Pens for drawing circles. These have been noticed under 
the head of bow-compasses, PL II. Figs. 2, 3, and 4, They should 
be quite narrow at the points, so as to follow a curve more readily 
than a broad point could. 

64. The " mapping-pen^^'* " lithographic pen^^'* and the " crow^ 
quUl^^^ are very delicate and fine-pointed steel pens, shaped like 
writing-pens, and used in lettering and in retouching, by hand, 
portions of the draftsman's work. The lithographic and crow-quill 
pens are stiffer than the mapping-pen. The crow-quill is stiffest 
of all, and is a substitute for the real crow-quill, which is a very 
delicate but stiff quill for draftsmen's use. See PI. I., Fig. 11. 

65. Colors, The colors necessarily and often used in geometri- 
cal drawing are Indian-ink, Pi-ussian blue, Burnt sienna, and Car- 
mine or Crimson lake. Those, some or all of which it is occasionally 

sonvenient to have, are Black, White, Gamboge, or Yellow Chrome, 

Vermilion, Dragon's Blood, and Cobalt. 

66. The best Indian-ink for tinting and shading is fine grained, 
>f a deep brown rather than a black or bluish tint, of a rounded 
[>r shell-like fracture, and is golden-hued when freshly brokea 
tt is musk or camphor-scented, and prepared in highly polished or 
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ites, which are ornamented with Jindy c. 
s or other designs. Good inkfor lines only is 
kinds of ink have a coarse, dull, black anri 
and have a black or dirty blue-black tint, 
mi are conraely ornamented. India ink, a 
ill crumble if left wet, benoe they shouli 

ik, being not black, but a very deep dri 
made to appear darker by the admixti 
if blue, vhicli changes it to an "invisil 
larker when thus modified, because whil 
)f the primary colors, blue is tlie darlieat. 
usaian Uue is a clear and nearly pure da 
rays hereafter to be mentioned. 
sienna is prepared from a kind of earth, 
rown. 

ne is a gorgeous red, slightly inclined to pi 
led as a cheaper substitute, is a little moi 
clear and brilliant. * 
the occasionally convenient colors, Bloc 
Two kinds nre in common use : Lamp \>h 
>f resinous E<ubstanceB ; and Ivory black, fro 
ry chippinga. The latter is, perhaps, a lit 
e best white is Chinese white, since its qui 
langesbut little in drying ; while other whit 
ire like whitewash, appearing almost of 
1 on wet, and then drying up to a thi< 
e tints below with a clialky look. 
imboge, a cheap natural product, which < 
Iruggists, and Chrome Tellow, are light 
representing brass. So also is King^a Yel 
rmiUon is a brilliant red, slightly inclined 
i), useful to mis with yellow in making b 
as to be held in solution with some difficu 
■agon's blood is a dark and rather dingy 
ght serve in repreHenting leather. 
bait is a clear, brilliant, and beautiful sk; 
me oases, to light tints of Prussian blue. 
1 these colors are, when used for drawin 
drawing-pen, and are inserted between iti 
The ink thus u^ed should be about as thick 
ragh to appear of a deep black when tl 
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dry. Trial lines should be drawn on the margin of the paper to 
determine this. 

75. Colors having a high reputation are made by Newman, and 
by Winsor and Newton of London — made in whole and in half 
cakes. The latter are of as good quality as the former, and, for 
the draftsman, are preferable, since he uses them so very mucjii 
more slowly than the water-color artist does. 

76. Besides the colors which come in hard cakes, there are those 
called moist colors y so prepared as to be permanently moist. These 
come in little porcelain trays in a tin box with folding palettes for 
mixing. Both the dry or hard, and the moist colors are called 
water colors^ in distinction from oil colors, because they are mixed 
with water; for containing which, bird-cage vessels, or similar 
small cups, of china ware or glass, are convenient. 

77. While India-ink and water colors can be ground in a few 
drops of water on cup-plates, or even on bits of broken china, yet 
articles expressly for the purpose are more convenient. These are 
of many forms, generally called ink-tiles or palettes^ one of which 
is shown in PL I, Fig. 9. This has a "slope," and three hemi- 
spherical "wells." Other forms have three or more transverse 
slopes; others are thin, with shallow square compartments, and are 
better adapted for using the colors' in a damp, rather than in a 
liquid state. 

78. A different, but very convenient arrangement is a " nest of 
saucers^'* forming, when put together, a cylindrical pile of shallow 
cups, about 2^ or 3 inches in diameter. These, when placed in- 
side of a close box in a cool place, will hold the liquid tints twelve 
hours, more or less, without drying up, and thus will save much 
waste of color, and loss of time in frequent remixing. 

Still again, there are combined water-cups and tiles, the latter 
circular, with radial slopes outside of the central cup. 

79. Colors, including mk, when applied in diluted tints, are 
spread by a brush. Two kinds of brushes, as regards material, 
nave, each, their appropriate uses, viz. camel's hair and sable. The 
latter kind of brush is more elastic and carries a firmer point, and 
is used where fine strokes, definite in position, are to be made. A 
brush of camel's hair is finer and softer, and is convenient for lay- 
mg on flat tints over large surfaces. The larger brushes of this 
kind have as sharp a point when wet as the smaller ones, with the 
advantage that they afford a sort of reservoir from which to supply 
the point with ink, thus preventing those irregularities of tint which 
arise from the brush becoming dry in the midst of an operation. 
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80 It is desiraMe to have a brnsh called a softi 
of two large camel'a-hair briislies at opposite ends o 

e of them being for use willi cK'ar water oit 

^ the edges of tints, when shading; then one or tw( 

1 a brushes for ^mali work, feeding ibe pens, et 

goosequill" size; and ODe or two sable briislies o 

and on long handles. Indeed, there are two kinds n 

-^ the black, and the red haired, but the l;<tior are mui 

-! either will answer the purposes of the draftsman. 

' § D — Articles for the Correction and Preseraatio 

and Iiistritmenta. 

81 These articles are, India-rubber, the erasin: 
ink eraser, the fine sponge, hone, screw driver, stall 
aharpeners, drawing-board cases, and the born cent 

All instruments should be put away, after use, 

and dry. For this purpose, a piece of wash-leatbi 

fiho Id be kept at hand. 
^ 62 If a drawing could be at once located to the 1 

on the paper, and surely made without mistake a: 

lines correctly limited when first drawn, it might b 
' directly on the blank paper. To avoid the errors Ir 

', first copy of any production, even when made by tl 

^ tised, drawings are first pencilled and then inkec 

theory of pencilling, then, is, to lay out correct ft 
' the pen is to move, leaving the mind, during the inl 

all thought oiacauracy of the construction, that it i 

excellence in execution. Therefore, the whole of 
, Btruction should be most accurately made in the Jir. 

- with a hard pencil. 

But even with this division of labor, mistakes 

occur. Remedies for some of them will now be dei 
83. Errors in pencilling are removed by India 

rubber should be entirely free from sand. With th 
r "vulcanized" rubber is the most agreeable to use, 

and free from stickiness. The use of rubber shoal 
f avoided, aa it roughens the paper, if it does not n 

and thus hinder the making of smooth ink-lines, 
f _ 84. Errors in extending ink-lines beyond their pro] 

g are removed by a sharp erasing knife, which has a e 

^ angular blade fastened to a wooden or ivory ban 
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this, to take out a thick line, scrape in one direction with 
moderate pressure ; otherwise there is danger of tearing out the 
paper. Small, tliin blots may be treated in the same way. 

A compound of vulcanized rubber, and finely ground glass, 
called GreerCs ink-eraser^ is often preferable to the knife. It may 
also be used to partially erase tints that are too dark. An arti- 
cle called glass paper, similar to tlie finest sand-paper, answers 
the same purpose. 

85. Broad blots of any light tint, or black blots, discovered 
before they are dry, or tints of a wrong color, can, if not in the 
midst of a considerable quantity of fine work, be nicely washed out 
with a sponge wet with clean water and gently applied ; once to 
take off the heaviest part of the blot, and again with pure water 

. to prevent a stain from remaining throughout the washed portion. 
A portion of a cake of India-rubber, rubbed down to a wedge 
form, is veiy convenient in erasing any one of a number of lines 
which are near together. 

A light ink line may be erased by dampening it slightly with a 
moist brush and then rubbing over it with the wedge-shaped 
rubber, of ink-eraser. 

86. Whenever the surface of the paper is made rough by scratch- 
ins:, it should be rubbed down with some hard and perfectly clean 
rounded instrument, as the erasing knife-handle or the little 
knob on the pen-handle, before having lines or tints again placed 
upon it. 

So much for general faults, such as often occur. The treatment 
of errors connected with particular operations will be spoken of 
with those operations. 

It is possible even to erase a portion of the loidth of a line, 
when that line has been made too heavy. Thus : Cover the por- 
tion of the line which is to be retained, with a sharp-edged ruler, 
held down tightly, and then with a sharp-pointed blade erase th 
uncovered portion of the line. With a little care this can be done 
quite neatly. 

87. While, therefore, " Finish a drawing without any error or 
defect," should be the draftsman's best motto, he should never 
be in haste to reject a damaged drawing, but should exercise his 
ingenuity to see how far injuries done to it may be remedied. 
" Never lose a drawing once begun," should be his second motto ; 
and once more, in this connection, since prevention is easier and 
better than cure, let him always work calmly, always inspect 
all instruments, hands, and sleeves, that may touch a drawing, 
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; an x)persdon ; let tbe paper, inat 
w, and, when conHiderable time ie 

the paper, let the remainder be i 
1 to one edge of the board. 
1 cleaning of the drawing, stale b 

India-mbber, if not sticky, is gow 
as of ever allowing a drawing to gi 
'ill be injured, more or leas, by ai 
rable quantity of dirt from it. 
client means of preventing injuries, ■■ 
lie drawing is worked npon only at 
d, when not io use, in a hag of cna 
a1. 

er, see g^f, PI, I., Fig. 1, is provided 
Dmpasses. A fine oil-stone (hone) 
of the drawing-pens when they ari 

The bept pencil-sharpener is a 
« sharpened to an edge, which will 
l-paper is sometimes used for the sa 
w, conical instrument, with a out 
ular motion — on the principle of : 

I many ooncentiic circles have to bi 
mvenient little contrivance for pr 
e at the common centre. It consist 
ansparent hoi'n-bonnd with metal! 
three short, sharp points, which g 

>nce, having the same object, is oj 
'wo diameters at right angles lo ea 
'hich are placed to coincide with li 
r through the given centre on the p 
strument is made to coincide with 
ng. 

—Special or Higher Inetruments. 

r drawing instruments, as they mi 
iftsman wilt learn from inatrumeni 
lents, while the student has, at mos 
lir existence. 
lay here he mentioned merely. 1 
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of them and of several others will be found in larger, or special 
treatises.* 

Centrographs^ for.drawing ares of large circles. 

JSUiptographs or elliptic compasses^ for drawing ellipses. 

Pantograplis^ and JEdiographa^ for tracing copies on a reduced 
scale, by continuous movement; not by construction, as when 
proportional dividers are used. 

The centrolinead^ a mechanical substitute for the geometrical 
construction of lines having the same "vanishing point" (distant 
point of meeting) in a perspective drawing. 

The excentric rule, for drawing slightly converging lines, as the 
sides of the tapering arms of mill wheels. 

The opisometer, a wheel contrivance for measuring the length 
of any curved lines. 

border pens, with three blades, for ruling at once very heavy 
border lines. 

Curve pens. In these the pen is at the extremity of a short 
horizontal arm, extending from the base of the handle, the design 
being to prevent the fingers from hiding the work. 

93. Covered lead weights, for holding open drawings that have 
been rolled up, ot for holding tracing cloth, or j)aper, or a long 
ruler, in place; and prepared ox-gall, to prevent slightly greasy 
spots in the paper from producing spotty tints, are among the 
occasionally useful articles for drafting offices. 

* See Stanley's Mathematical drawing instruments. 
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CHAPTER n. 

nOX Aim TESTS OP IHSTRttHeMTS A] 

PrdiminaTy Bemarke. 

nwing embraoeB two distioct dt^part 

icvtion, 

'uction of a driiwing embraces the ei 

.'ith pencil and dividers, of all its 

>n includes the inking of the lines \ 

be surfaces represented. 

feature of the construction should 1 

■ion, elegance. 

error already manifestly appears 
elessly, with a view to correcting 
. During the latter process the mii 
L of thought for the accuracy of the 
lolly given to Beciiring elegance of a 
tials to acairaey are fineness and • 
essentials of elegance are black, lir 
n meant to be so; smooth, clear, a 
r ragged ; and evenly graded shadin 
ibvious enough that, to avoid wasie 
>ent, through spoiling a more or U 
bad exeeiUion, thorough training in th 
struction and execution should prec 
rawing of complicated diagrams and 

Pr^araZion of Paper. 
—In fastening paper to the board i 
place under the head of the tack 

;veral folds of soft paper, since the 
and the sheet of paper— due to th 
buted pressuri! of the tack — will aii 
will thus tend to jtrevent the tear 



PREPARATION AND TESTS OF INSTRUMENTS. 39 

pulling the paper against the bare shank of the tack. This, 
though really a small matter, is worth observing for conveni(?nce' 
sake in making plates 'of line drawings, which only need pinning 
down. Gum, lip-glue, sealing-wax, wafers, or paste, may be used 
in place of the thumb-tacks. 

Second, — To secure paper hy damp stretching, — Provide some 
dissolved gum-arabic — or better, some of the prepared mucilage 
now everywhere sold in convenient bottles, together M'ith a stiff 
bristle-brush, hy means of wliich it may be conveniently applied 
to the paper. Also have at hand a small soft sponge and some 
clean water. Good mucilage is very thick, of light color, and 
agreeably preserved by oil of clove, in preference to the nauseous 
carbolic acid or like substances sometimes used. 

Hold the paper towards the light, so as to read the manufactur- 
er's name, which is marked in water-lines on each sheet. The side 
towards the eye, when the name can be read, is considered as the 
right side or face of the paper, it being supposed to be more free 
from imperfections than the back of the sheet is. Lay the sheet 
with the back upon the board, and wet the face well — except for 
a space of about half an inch in width all around the edges — by 
carefully stroking the surface with a sponge full of clean water. 
When the sheet is wet enough, a little water will trickle from one 
comer if it be held up by the opposite comer. 

Before or after wetting the sheet, it makes little difference which, 
fold over the opposite edges in succession, for a reason which will 
soon appear, flaking the fold about half an inch wide. Essentially 
more than this is a waste of paper ; much less will hardly be sufficient. 
With the bristle-brush apply thick gum-arabic or mucilage quickly 
to the foldfed edges, and then immediately, or before the paper 
becomes dry, fold back the edges upon the board, rubbing them 
down briskly, so that the gum will " set." This last point is of 
more consequence in the case of new boards. These edges should 
be folded over on opposite sides of the sheet in succession, as this 
Liode tends to stretch the paper uniformly and tightly, without rip- 
ping up parts previously fastened or bringing out a bunch of 
wrinkles in one comer, both of which things are liable to happen 
if the folding be made in direct order around the sheet. The 
paper, thus folded down, must be left to dry in a cool place, and 
watched, to see that it does not peel up. If dried by a fire, the 
paper shrinks with force sufficient to tear up the edges before the 
gum has '*set," 

98. When many successive sheeta are to be fastened to the same 
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old fastening Bhould be thorongMj bcou 
is mounted, since, if tlie two sheets sre 
same position, the new sheet will adhe 
I former one, in spots which may be w: 
wing on the new sheet, much to the 

ting of the paper on either the face or h 
of" little moment. It dries sooner whe 
1 perhapa less likely to be stained by the 
^e sheets can be fastened to the same 
the preceding ones, if these contain d 
n any case by putting sheets of glazed pa 
sheets of drawing-paper. This is perha 
•e, , As the young draftsman progresses 
whatever minor points might be here m 
•d. To fasten paper into the framed boi 
on it smoothly and tightly into the fram< 
sms very simple, yet boards of this kii 
ommon use, probably because they will 
ngle size, 

rlh. To mount paptv on cloth. — This pro 
to understand, as large drawings, whici 
lonsiderable wear, shonld always be thiu 
■wlul.e cotton or linen is used — ^be stretch 
ime or upon a floor, wooden wall, or Ii 
ith nnraerous tacks. Then, having som 
I the back of the paper with a laige 
ill lumps, etc. Next, lay the paper evenly 
^ hands perfectly clean, commence at th 
wiih the palms of the hands spread 
iad tightly, and afterwards go over it 
,h a cloth, being careful to rub it down 
iave the whole lill it becomes dry, when 
edge may be bound with ailk, 
A. To mmint paper on pasteboard. — ^Th 
. to expand with the moisture of the pae 
the pasteboard. To prevent the shrinki 
ing the board, waste paper should be paE 
: board. 

Prtparation of Indian-Ink. 
ihough cheap colors are largely used ai 
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there some one ia found not familiar with the mode of prepar- 
ratcr^olors for use. The end of a cake is touched to some 
t water, and then ground upon a porcelain or marble tile, 
er, rather thnn oil, beipg thus used as a solvent, the colors are 
d water colors. 

1. To prevent crumbs from scaling off in nibbing the colors 
may be ground upon the tip of the finger, or on a bit of 
ge, and from those transferred to the tile. 

"hen thus mixed, the ink should be put upon a dry tile, and- 
«d with water before it becomes dry; for if a brush full of 
<r be stirred about upon a tile covered with dry ink, or if the 
)e rubbed from the finger into a well of the tile cont^ing 
ir, it will almost invariably foi'm into scales which cannot be 
en up. These remarks apply to ink mixed in the wells of the 
ind diluted to pale tints. For drawing lines, the ink should 
round vigorously in the long channel of the tile till it is black 
quite thick. 

2. Time and ink are often wasted by preparing much more 
is needed for use. No more should be prepared than is 

»d for immediate use ; freshly rubbed ink being better tlian 
ink. Nests of ink-sauoers, with ground rims, will, however, 
irve the ink in a fluid state for 'several days, 
"hen ink that has dried on the tile is to be regronnd, it maybe 
I by grinding fresh ink into it, using only a drop or two of 
r, or by a brush very slightly dam^ which will prevent the 
rom peeling up in troublesome scales. 

ProceBtea in Iksting TTutruments. 

3. In this section we shall notice the tests of the several in- 
nents, considering them in groups, as in the chapter on the 
nption of instruments. 

'.rst. — To te»t the Dramngboard, The edges of the board 
Id be perfectly straight. It is a matter of comparative indiffer- 
whether its angles are truly right angles or not, as will be 
snt after the uses of the T square and triangle shall have been 
ei" explained. Since the board is rigid, its edges can be suffi- 
ly tested by sighting along them. Or a stiip of board whose 
has beeti planed smooth may be applied edgewise to the 
of the drawing-board, when, if that edge be convex, the strip 
roll upon it, and if it be concave the space between it and this 
can be seen by holding both up to the light. 
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The fiatnesB of the board can be aufficientl 
edge, or by observing whether it will lie ate; 

Ifl*. Second. — Jb lesl the joints of the co\ 
a nnifonn tightness of the joint has beeo giv 
pivot nppears to be slightly emaller than the 
the joint throngh which it passes, as eliown I 
the motion of the points is reversed, whicl 
by tightening the joint, bnt can be preventet 
the joiut, if possible, around the axis, or b; 
made. Hot wax can be uaeil for plugging, 

106, Another important point in oonnecti 
the position of the needle and other pointi 
passes adjusted to describe very small circ 
plane of the legs should be exactly perpend 
the head and at the insertion of the movable 
fects are discovered in these respects, the} 
filing the heads of the movable legs at th< 
impossible to draw very small circles neatl; 
are twisted, care bhould be taken to get ins 
joints, and to use them carefully. 

106. Third.— To teat the atrai^htness of the 
With an eye well trained, perhaps no way i 
along its edge, as mechanics do to test the Btr 
of a board. 

107. Another very good means of testing 
two fine needles in a flat sheet of paper, oi 
smooth, hard board, place the blade of the 1 
against the needles, and with a sharp pendl' 
in the case of the board — draw a fine line dir< 
of the T square. Change the blade end for e 
edge against the needles, and redraw the li 
coincide the edge is perfect. If not, the 8< 
will shoiv where the imperfections of the blad 

lOS. A third test is to place any straight rt 
the blade of tlie T square, with their edges 
to hold them up to the light in this position 
are perfect, no light can be seen between 
carried back and forth over the junction 
«traightnesB of the edges nf the triangles can 
way, if they are not too thin. 

109. Fourth. — To test the parallelism of t 
of the T square. Draw any straight line oi 



PREPARATION AND TESTS OP INSTROUENTS. 43 

k flat sheet of paper or on the board, and by a geometrical con- 
ction, according to any of the nsnal methods io Elfmentai^ 
metry, lay out very accnrately two lines perpendicular to the 
already drawn, and at a distance apart equal to the width of 
blade of the T sqoare at any one point. Then if the edges of 
blade are parallel, they will coincide with these lines,* 
LO. Mfth.—To test the angles of the triangles. Fig. 11. To 
the right angle of either -triangle place a «de, as AC, adjacent 




lie right angle, against the edge of the T rtile, C, and draw a 
line against (he other side, CB, of the right angle ; then ve- 
B the triangle, placing it in the position ABC, and eee if the 
BC, drawn with the triangle in this new posilion, coincides 

the line BC, as first drawn. If, ioBtead of coinciding as in 
figure, the lines BC diverge in going from the edge of the T 

C being the position of the vertex of the right angle in both 
lions, the supposed I'ight angle is a little acute ; if the same 

converge, the triangles being in contact at B, as they depart 
: the edge of the T rule, the angle in question is obtuse. 

the 45° triangle the two acute angles should each equal half 
i^ht angle. 

the 30° triangle two angles drawn side by side with the angle 
)° should just equal the other angle, which is an angle of 60° 

i. Sixth. — To Jind whether the blade of the T square ia truly 
ght angles with the head. By any of the familiar methods con- 
•t, on a large scak, a line perpendicular to the edge of the 
(1, then place the T rule with its head against the edge of the 
d, and see if the edge of the blade will coincide with the line 

diawn. Or having, aa just described, tested the triangles 

found them true, place one of the sides adjacent to a right 

le of the T Bquare baa been mon 
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nat the head of the T rule, and b 
oincide with the edge of the bUd 
: at the acute angle of the triai 
^ with the head on the edge \ 
inoidence be at the right angle, ' 
acute angle vith the head on the 
oenth. — To tetC the graduations q 
icy of scales will he obvious en 
arrived at that stage of his ci;>ur 
1 used. 

lugh to observe here that for all 
'linear" or "angular," it is snf 
indioated on one part of the soi 
,nce as taken off from any other 
ential error is found, especially 
ed, the instrument should be cxcl 
t;/ith. — To test the drawiiiff-pens. 

verliually, and make finer and f 
by the screw. Otherwise, the f 
u which it will mark evenly an 
> itself; but the compas)<-pcns r 

vertical, for thus only can they 
) a drawing-pen, procure a small 
lose the blades by their adjustir 
gently upon the stone, In a plai 
TJve coincident outlines to the po 
frequent trials of the pen (first 

the outer faces of the blades vei 
n, to makf them of the proper tl 
if the process can be written, but 
im ruining his pen by too severe, 
xntickl that the joints be firm, so i 
I each other; also that the bladi 
per, or touch above the points, o 
inth. — To test the point of a new 
of water to expei the air from 
o a point by the lips, and see if 
is genlly manipulated upon any 
nto two or three points, it may p 

pulling out a few of the interior 
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CHAPTER L 

IN coifSTBucnoir. 



Tuments being all pat in the best order before com 
the careful draftsmiia will make it a point to keep 
adjostment for the longest possible time. 
To Amw linea vith the T rale. Place the instru- 
sad againet the left-hand edge of the drawing-board, 
B that position — pressing against the middle of the 
It slipping or taming— draw the line steadily with 
n lightly pressed against the 'blade. By sliding the 
g the edge of the board, lines may be drawn parallel 
Hence, if the edges of the blade are parallel, linea 
ing the pencil against both of them will be parallel. 

■] 

—To draw lines jierpendicalar to those drawn with 
at described. This could be done by placing the 
iile against the adjacent side of the board, but as 
la of the triangles are more to be depended upon 
he board, the following way is better. Place the 
side adjacent to a right angle, against the blade of 
against the other adjacent side draw the required 
g the triangle along, parallels can be drawn, which 
mdicular to the lines drawn by the T rale, 
-To draw all possible radial lines through a given 
r mle and both triangles, each triangle being used 
the T role. IH. A line can be drawn through the 
til the T rule, and parallel to the length of the 
2d. A line perpendicular to this can be drawn as 
11), 3(21 Place the 46" triangle with its hypothe 
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nuse againat the edge of the T r 
aidOH, in turn, to pass throagh the 
Thus the centre lines of the arnu 
be found, itft. Plaoe the hypoth< 
the edge of the T rule, and, as 
sides to pass through the given 
Reverse this triangle, still keepi 
same edge of the T rule, and thei 
46° lines, the remaining ones will 
of a twelve-armed wheel. The 
lines wonld form the centre lines i 

119. fourth. — Through a give 
ffiven line. Fl. I., Fig. 16. Let 
given line. 1st. Plaue any side < 
line, as seen by the upper position 
the other triangle, D, or a ruler, 
as a rest, or t^uide. dil. Slide the 
placed against pr passes through 
parallel to pr, can be drawn. 

When the hypotbciiuae of C ia 
in Fig, lij, a longer parallel can h 

120. MJi/i. — Through, a given 
to a given line. This eun be done 
and one movable, in three wayi 
movable triangle ; seco7id, hy tut 
turning il in space. 

First, hg shiJXing. See PI. I., 1 
and u a point through which a pe 
Plaoe either side of the right an^, 




against the given line its, and the 
B (on which it rests as in drawi 
of the right angle of C passes thi 
desired perpendicular, vul, can be 
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by turning. See Fig. 13. Placing the Ay/^oiAenwse of 
7 triangle, abo, against the given line ab, taro it one 
md, about the square corner c, when it will take a posi- 
r to a'b'c' fiom which it can be slid on the fixed triangle 

the bypothenuse a'b', now perpendicular to its former 

tail pass, as shown, through the given point c'. 

y turning in space. See Fig. 12, where c is the given 

otf the given line. The movable triangle being found 

lion adb, take it up (keeping abe fixed) and lay it down 

ition a'dV, when the hypothenuse a'b' will be perpen- 

the former base, ad. 

r the second, or the third naetbods, a longer perpcn- 

I be drawn, than by the first. 

Ban of course be substituted for the fixed triangle. 

^. — To take off a distance from a linear plain or diago 

The points of the scale to which the dividers must be 

order to take up a certain distance, have been men- 
b. 43). It only remains to describe the proper handling 
rnments. Do not let the scale lie on the table, and take 
a in both hands, as the scale will then slip about ; but 
oale firmly in the left hand, and apply the compasses 
ight hand, disposing the fingers so as to control both 
le compasses should be held in a plane perpendicular to 
I prevent slipping, and when removed should be held by 
lo as to avoid all pressure upon their legs tending to 
The direction about holding the scale will not apply 
ae spaoing-dividers ; hence, when they are used, it is 
bave the scale constructed on the sheet of drawing- 
h is firmly fastened. 

the case of any edge scales, as the triangular scale, 
that unless divided throughout, the distances on them 
id each way from the point, a. Fig. 10 ; hence, at the 
t on any line along which a distance is to be laid off, as 
i mark which, reckoned irom 0, gives the inches (7 ins ) 
ince to be laid off, and, with the needle-point, make a 
a at <f, at the figure denoting the feet (2) in the same 
If ab were in 10 parts, each representing a foot, read 
\ches and tens for feet in the explanation just given; or 
nd tenths, etc (59.) 

enth. — To construct an angle by means of the scale of 
. chord may be taken as the representative of an arc 
J be considered as the measure of the angle at the 
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centre, included between tlie exi 
chord of 60° ia equal to the radii 
14 — to lay out an angle of 30°, 
the chord of 60° fi-om Fig. 6, a 
of 30° and apply it to tlie ind 
a and b, thu:^ tbiind, with the ce 
of 30°, Proceed HkewiBe for anj 

In addition to the explanationt 
lowing may be noted : 

1°. To apply the diameter of 
fine pencil line, which may be obi 
inent, it may be useful to make t 
with a eharp pencil point. 

2", To avoid the glare of the 
Bcure its graduation)^, in many 
shaded by the hand. 

3°. Highly desirable as it is to 
lowing the divisions exactly, yet, 
divided to half degreex, it may b 
fectly transferring any division t 

124. Eighth. — To operate the ci 




as an, several times on a line. D< 
hands, and take up both points fi 



/■"" 



tance is to be laid olT. Also, do : 
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Step ofT tlie distance, allow tbe moving-point to 
es on one eide only of the line, as at b, e', and </, 
g. 15, for thus the fingers will become enlangk'd 
le dividers ; bnt, holding the instrament hj tbc 
i thamb and forefinger, keep some one point of 
rs on the line, and make the other point deBciibe 
itely on opposite sides of ag, as at 5, c, d, and e. 
'o operate the oompasBea in drawing ordinary and 
' small circles. In drawing ordinary circles, hold 
I setting off distances, and carry them steadily 

slight pressure on the fixed leg, which should 
^er than the other one, and keeping both the needle 
vertical. In osing beam-oom passes to draw large 

needle-point with one hand and carry the pen or 
d with the other hand. The drawing of very 
I the bow-compassea, is an art which must he 
y practice with a good iiistrnment. It is one of 
bich the draftsman can profitably exercise him- 
nts. The ink, while black, should be thin enough 

pen-points should bear evenly upon the paper. 
Id be the longer one, aud the instrument should 
htly turned. 

direction is of especial importance to beginners : 
smpaasea to the radius of a given pencilled circle, 

it, it is necessary that the compass-points should 
B radius, t^er all pressure used in setting them 
I been removed. Otherwise they may spring 
ition, giving a circle slightly greater or less than 
I pressure used in setting tbe points be removed 
ircle, it will not return into itself exactly. 
f the manner of using pencils. As stated in Art. 
>encillirig lies in the fact that it is geneially im- 
^thing perfectly at the first trial. Since, then, 
lade, it is better to make them in alterable pencil 
paratlvely unalterable ink lines. Therefore the 
lever hurry through with the pencilling, intend- 
inking correct, but he should always make the 
tions perfect, so that their lines being merely 

to go over, the whole attention may be given, 
ing, to neat execution. 
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a of varioQS sizes, both etri 
died or compass-made lim 
ftdiag, seen rtspectively in 

\s of lines are recognized in 
i. Dotted, and Broken and 

its size, is one whieb is nia< 
rom end to end of the lint 

of each group in PI. IIL 

e, f, is one wliich consists 
I'ter to a third of an inch ii 
s between them. These d 
f far apart, the line will I 
ihould be equal and cquidi 
3 Strictly a snccession of di 
ften done by band with tbt 
tho drawing-pen it is easier 
ies, as at m, n, o. We tbi 
id line, and n point dotted 1 
nd dotted lines, as tboir nar 
VO last named Itinda of lim 
9 almost invariably used ii 
ley look best when the dasli 
I the dots very fine, with t 
See^, q, r. In place of i 

length and inclination mai 
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of these four kinds of lines, three sizes aro in com- 
Une, Medium, sind Heavy. Mere description alono 
•se, define these. Specinaens are given in PI. III., 
fiDcing with the fine line as a standard, it may be 
inest line which can readily be made by a good ope- 
with a good pen- 

e kinds and sizes now ^escribed are repeated as 
[I., Fig. 2. To ink good dotted circles is a work of 
rder to avoid wearing out the centre. It is well, 
urn to dot them by hand with the "mapping-pen," 
en. Groups of straight lines, of various sizes and 
lIso be drawn by the student through a point of 
amon to each group. 

ive figures given in a test-book are necessarily 
ident may profitably fill one plate, of the size given 
ith parallel straight lines only, in three groups, with 
ch kind in each group, A second, and very ne;it 
L be composed of groups of circular arcs, symmetri- 
in the upper half of the plate, and rings, or other 
' small circles of regularly graded size, on the lower 

plate may then contain groups of lines, some of 
it only at a common point, while others shall croes 
stion. All the lines of eaoh group should, for good 
3 same kind and aze. Practice should then bo had 
;ular curves, both full and dotted, by hand. 

'temarks upon the Inking of Lines. 
^ve a bright and cZeor effect to a line-drawing, the 
'ery black; and not rusty, as if inked with diluted ink. 
B tfapaiiese ink is best, and least liable to wash out. 
what may be called a clean or sharp and smooth 
should not be ragged. To this end, the pen-point 
jood condition ; should be steadily pressed against 
'ery lightly pressed against the ruler, 
what may be called an even effect, each line should 
size throughout. This result is secured by keeping 
, to itself, or in the same relative position to the 
, while the line is being drawn, 
<r drawings which are to be tinted and shaded, and 
rable not to have black ink lines appear, the lines 
;i\hpale ink, so as to enable one to clean off all 
ifore shading ; or, being inked black, they may bij 
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artially vashing tl 
ost expeditious. 
g a complioated dr 
I a of it alternately 
Tor thua oonfuaion 
is faulitated, and 
I receive good ink '. 
Bry familiar fact a 
pen will mark Bmi 
ng against tlie cd^ 

pen merely rust aj 
iro closes up the bl 

tlie pen moderal 
ist the ruler, and k 
1 rather slowly ov« 
owly the pen ahoul 

fine lines, special < 
en-points. This cs 
, hit of soft paper, i 
lU circles {PI. IIL, 
ertically, and tun 
lach one must, b< 
B himself and his 
ade by band, thonj 
lure spoils an othe 
a broken appearat 
, it is better to ink 
awn tangent to tw 
,ny concentric circl 
odier instrumental' 

unsightly hole at 1 
exity of the pen-bl 
to the edge of thi 
just the ruler to a 

a group of intersec 
ough the common 
~rom that point ; b 
le just made will \ 
Hence let each 

should also be had 
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Lines are thus inked, partly bj 
>f the blades of the pen, and par 
Hit of the position of the pea a» t( 

n it 



en-Tinting and Shading. 

i monotony of too long practice i 
!r may at discretion practically i 
VISION " according to their supet^ 
haded, instead of according to the 
irush. Thus, practice in tirUing 
le nest Section. The student can ' 
ading, and from that proceed to 
;reeable alternation and variety,] 
38irahle to distinguish the areas < 
ving by filling them with fine and 
tuch lines arc usually drawn to i 
edges of the paper, and being very 
itant by the eye alone, 
ity in the size of the lines or in th( 
the uniformity of the shade prodiic 
riliea are less noticeable when tl 
ogether. On all accounts, tberefoi 
i^nce apart fur such lines, and ti 
f, exceed ^^ of an inch, and neve 
ted be less than y^ or ^^ of an iu' 
L, it is usual to leave a small space 
Accordingly, let the learner imi 

practice in pen-tinting, let a ptat< 
B in two rows ; one triangle, one 
1 row. Then let the figures in ( 
h shade lines, while those of the 
Innk spaces left half around their 

in the triangle. The remainder c 
dl figures very closely lined, and o 
. line, on each side of which the 
ent directions, as in PI. Ill, Fig, 4. 
lesired to produce a regular and i 
3ver a surface by means of ruled 
it regularly diminish in size and I 
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eher aparty from the darkest to the lightest part of the snr&co. 
See PI. III. Figs. 5 and 6. 

Increase of .distance between the Knes, merely, without variation 
in their size, occasions only a faint contrast between the darkest 
and lightest part of the shading. 

Such lines may be parallel, converging, or curved, according to 
the shape of the surface to be shaded. 

135. Converging shade lines, as in PI. III. Figs. 6 and 9, are 
somewhat difficult to manage, and may be made to taper as they 
approach the vertex. Or else, they may be made parallel to an 
outside line of the group. 

Curved shade lines^ as in Figs. 7 and 10, are easily drawn when 
the lightest spot of the shading has the. common centre of all the 
shade lines for its centre, but become more difficult when the 
lightest spot is not at this centre; for then the shade lines must 
taper as they approach the light spot. Otherwise, in tlie latter 
case, the shading may be produced by uniform fine circular shade 
lines, together with radial shade lines of different sizes — heaviest 
and closest together where the shading is to be darkest. 

Let the student first study carefully, a.nd then imitate the groups 
Figs. 6, 6, 7, and 8, 9, 10, PI. III., which give practice in the use 
of parallel, converging, and curved shade lines. 

136. Drawings, and the wood, or lithograph line engravings 
which represent them, may be plain, half-shaded, or darkly shaded. 
Half-shading requires little or no change in the size of the lines 
used. Heavy shading would be executed by means of very heavy 
and black lines as close together as possible at the place of darkest 
shade, and thence grading their size and distance apart. 

Sbc?iion B. . 
free-hand operations. — § a. tinting and shading. 

J^lat Tints in Ink and Colors. 

137. For tinting with Indian4nk or colors the following mate- 
rials are necessary. The best of Whatman's thick and rough, or 
" cold-pressed " paper, wet on the face, or quickly dipped into a 
tank of clean water, to remove superfluous sizing, before beins 
strained upon the drawing-board ; a cup of clean water ; several 
camel's hair brushes, which can easily be brought to a fine point, 
and one of which may conveniently be of large size ; a clean sponge, 
and a tile or cup in which to prepare the int 



L, 



OPERATIONS IN EXECUTION. 65 

perations of tinting the materials are simple, bnl 
ids oa their proper use. 
important points may be noticed : 
B paper, and everything which is to toucli h 
and especially free from the slightest gieaai 

, hard and sharp pencil, pencil in very faint OLa 
I of the surface to be tinted. These lines are not 
3s it be with very pale ink, which may be done, 
e outline of the figure is quite complex, 
lohing the India-intbber to that part of the papei 
ited, either before or after the tinting is actually 
ler will thus become abraded so as not to receive 
r the tint will be partially erased, 
ing-board should be slightly inclined, so that the 
ily after the brush, and not settle in spots, 
and most common errors in tinting consist in 
either too dark or too dry. If applied too darlc, 
caks, owing to the presence of so much color in 
cannot diatiibute itself uniformly; and if applied 
Iry in streaks also, since each stroke of the brush 
necessarily make its own distinct mark, 
te rules can be laid down relative to the best size 
,he necessary amount of moisture to be contained 
7 with circumstances. In general, however, the 
3 to be tinted tho larger should be the brush, and 
hould be, in order to yield an even tint over such 
Since a small brush soon gets dry, thereby giving 
, large biush, provided it have a sharp point, ia 
ei-y small surfaces. 

mle as delinite as possible : Let the brush contain 
te darkness, as seen in PI. III. Figs. 11, 12, and let 
longh to allow the whole surface to be kept wet 
; for if an unfinished edge of the tint becomes 
through all the coats which may overlay it. 
tint should be laid on till the preceding one ia 
terwise the two will coinmlngle, forming but one 
h will unduly soften the paper and leave ragged 
its are made by a succession of light ones, 
ace to be tinted be very large, it may be ad visable 
rst with a large brush moderately wet with clean 
keeping the tint from drying in spots. Also, ii: 
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: will show, 
voided by h 

jrush shoulf 
r dust may 
te be made, 
ssed out an 
lited on the 
[.ically, and 
fien, keeping 
ih rapidly 
ace and Bti 

arge enrfao 
iclined, keep 
it to left as 
formly by al 
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ay seem tedi 
is often the 
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cessarily inc 
g ravings of 
tience the fol 
t may profiti 
ingles, recta 
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t on after t 
le-drawing. 
■ reotaaglea, 
;wo on the e 
vo rectangle 
« with very 
uling lines, 
e the ink shi 
lie " down 1 
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) reotaugle, about 5 by 1^ inches, 
ig a large oirole ^id one or two m 

le large and very irregular figar 
} as to ^ve a great extent of ej 
vith a large surface to be kept wei 
colored rectangles— one being tii 
th burnt aenna ; one with carm 
d bnrnt sienna ; one with mixed bl 
ink or black ; one of mixed blue, 
rints, to afford exercise in judging 
nixtures are obscure colors, uh 
itral tints," and are BOmettmea ub€ 
'he first of these neutral tints is : 



HUG IN INK AND COLOKS. 

ruah-Shading in Ink only. 

\s of shading is one study, and th( 
ies of difiereut forms is another 8ti 
lusirely the mere process of shadi 
oudered merely as a process, n 
r^ng tints, or in cunred tints. 
less is divided, in general, accordii 
hich it is applied, into the two ope 
lid the evening up process, or^na. 
ess is further divided, as more pi 
' the surfaces, into wet shading^ b] 
•ling" as applied to large surfaces, 
! of 2 ins. by 3 ins. ; moist shadi 
ing ;" and direct shading with 
ffhich is applied to very small sur 
af them is finished completelyas it 
r done with a lead pencil. By " t 
1 of filling up irregularities in th 
of shade is obtained. The term is 
lio use it to express that kind of ' 
lied up with fine dots. 
e light or dark. 
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ip these distincl 
'ing table : 



I PreUmlnuj dnB. 



JUfbt. 

w laid ont the 
■he actual wort 
le prooesa of ' 
of four rectani 
. Fig. 3. The 
1 all be kept 
another is dr 

any number < 
lese divisions 1 
Tswing lines a< 
-The edges of e 
noil linea, eoiai 
ink in tiie bru: 
livision; and t 
Jge with a bruf 
ilean water; 1 
•J. When the 

1 top, with the 
ond point of d 
lis process, till 1 
ir ; the last coa 
le without any ' 

figures have l 
less spottiness, 

has been cond 
small strokes o: 
e partly washe 
t with water, 
"ethod. — Anothi 
e wet shading 
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le aoftening oS of a tint is to be effected. This 
the tint is applied ; tlien, when the tint readier 
t will spread through it, and very evenly and 
ff into the adjacent blank paper. This method 
lie relative wetness of the tint and the water 
)f the latter. These matters can be leanie 1 
;s of varions sizes. 

a.) The relative difference of shade, betweea 
gle tbng shaded, will depend on the number of 

difference will evidently be diminished by 
ers the whole sorfaoe, aller the first tint which 
lole rectangle. 

according to which the last tint goes over the 
• than the first, is preferable ; since, by the latter 
nded tint would tend to wash up the preceding 
was softened down. 

lay be similarly shaded in colors ; and a col 
plates may be made by any one having a large 
iding one rectangle witli each color. 
1. 13, U, 15. and PI. IV., Figs. 1, 3, illustrale 
ish stippling. PI. III., Fig. 13, and PI. IV., 
ate shading in parallel bands. Fig. l.S shows 
le work after completing the preliminary pio- 
igs. 1 and 3, indicates, by line engraving, the 
inished shading. In the preliminary process, 
Tthe figure which is to be darkest, and make a 

the left side of Fig. 13. In doing this, the 
learly dry that the tint will dry. about as fast 
per, or so that by the time the bottom of the 
top will be dry, and ready to bo overlaid with 
st tint having become dry, begin again at the 
make a little broader stripe, and so proceed 
e, lettiog each stripe esteod back to the left- 
etting it become dry before a new one is added, 
ush but slightly wet, the tendency of the suc- 
lle into black lines on their edges will bo very 
Several figures can be shaded at one time, 
le becomes so wet as to begin to swell the 

worked upon till this one dries, 
lary process being well worked out, the shad- 
kkiug a tittle light ink in a damp sable brush 
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and by shadiDg off the ttuccessive stripes as wit!; 
their edges are obliterated, as in PI. IV., Fig. : 

147. Hemarks. — (a.) In oondacting this fiDisl 
brush should be but slightly wet ; flrat, to av 
previous tints ; second, because the strokes, 
darker than when dry, and so deceive the e; 
brush bo so dry that each stroke dries as fast ■■ 
^Sect can be seen at once, and time will be savi 
point can be retained that the smallest light sp 
can be filled up without overlaying surrounding 
shade ; fourth, because with the brush in this 
worked with as if it were a lead pencil, its stio 
fine, or broad and dark, according as it is toucb 
ously to the paper. 

(b.) Notwithstanding the last remark, the co' 
brash should be somewhat proportioned to the c 
of the shade to be evened up. Thus, in PI. I 
ink would be used in evening np the right-fa 
hand portion of the figure. 

(c.) In shading on rough or "cold-pressed 
borne in mind that the action of the light on i 
the paper itself, is snch as to make the shadi 
unless viewed by a light coming in the same 
which the shading was executed. 

Hence, shading on rough paper should be bej 
and always viewed, by the same light. Shadi 
paper will look about equally well in all lights. 

(d.) On account of its nearly uniform iiite 
direction, a north light is preferable, and shoi 
possible. 

(e.) The absolute darkness of the darkest; 
seems to be a matter of conwtitntional preferem 
tarily make this darkest portion black ; others 
the right-hand part of PI. III., Fig. 13, and sti 
adopt a medium darkness, leading towards tht 
in the figures. 

Evenness, however, and not the absolute dai 
is the main thing to be sought. 

(f.) To continue the shading till it fades awi 
mence with much lighter ink where the first fi 
and go on as before, but without going over 
any more. Two oy three such changes of ink, 
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J, will soften dowB the ghade lo an ii 

at which the method changes from t 
of Hoftened tints, PI. IV., Fig. 3, : 
between PI. IV., Figs. 1 and S, may 
ithod now explained, 
g on tinted papers a brilliant effect 
the lightest |>art of the shading with 
le part designed to he lightest, and go 
lowaivls the darkest part. 
ling explanations apply to shading ir 
g, 14, except that the baniJs are then 
I curved bands around a lightest pair 
rardsa lightest^i'ne. as in Figs. 13 aii' 
■e direct process of shading a surface ' 
ead pencil would be, needs now no p 
ipptied to Burfacea eo amall that the 
ive tints is unnecessary. 
B is long, but very narrow, it is shad 
' by ruling one or more tint lines wil 
PI. III. Fig. 5., but touching each oth 

'. — Of Brush-Shading in Colors. 

ors than ink are BOmetimes used 
ithods of shading in colors, aside froi 
size and shape of the shaded surfuc* 
in shading the surface at first v 
, and then in tinting it over with one 
;d color. The second method is to i 
■ith it jnat as has been desoiibed in 
A warm reddish-brown called " s< 
d "bistre," the various neutral tint 
nd blues, and the grays formed by n 
ep crimson with pale blue and yelli 
second method, while the first met 
ar light eolora alone are to be used. 
rhitc. Degrees of darkness are dej 
3. degrees of blackness. According 
le in ink only, and to tini over it in 1 
•solute tint pertaining to the subst 
dform, while its shade may be gradu: 
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ing to itn fulnesis of (exposure to the light. I 
oil the other hand, both the shade and the t 

Z°.— Of free hand Pen-Sim 
151. ThU kiud of shading is of two kiD' 
of two or more sets of linen croesing each 
uuiiiber and fineneeti. The second is pen s 
innumerable fine and equal dots, distribute 
even gradation of shade, as seen in the facee 
of bank-note engraving. The latter metJ 
gives a very fine effect, and \a hardly, if ; 
than equally good dry brush-shading. 

g b. — OP THE CONVENTIOfJAL TKBATUKNT 



Graining of Wood. 

152. Wood is imitated exactly enough, in 
to enable an obsei-ver to know that wood i 
sented, but not so exactly aa in the imitatioi 
of wood made by the best decorative painter 

In geometrical drawing, distinctions are, tl 
only between the graining of "soft" woods 
hard woods as a class ; between the graininj 
line drawings, and as seen in shaded and tiuti 
graining of timbers drawn on a large and o 
between "heart-wood" and outside pieces. 
trated by the figures of PI. IV, now to be 
which some fine pen (64) is used. 

Fig. 4 represents a timber as it would be | 
ing. The ink used should be pale, and the li 
of marks which surround the knots are mad 
marks which make up a group, the outer oi 
tlie shape of the group can thus be more n 
by making the iimermost one first. As in tl 
should be as close together as possible in 
width of the timber, but with a conaiderab 
their ends. Having made the knots, each j 
as a general rule, at least as far from the i 
the rest of the timber is to be filled up w 
wavy lines, which shall run through its i 
touching each other, or lb« gronps around tt 
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hand end of the timber is represented aa brokeu 
to be represented by large iiregular points, broken 
, as Bbown in the figure. 

f be found most convenient to turn the boaid so 
te drawn towards the body, and not &om led tA 
he graining, 

t figare represent hewn timber. Fig. 6 may h( 
resenting sawed timber, and the graining line 
iiscontinuonii. 

r the knote, which is, in the succeeding figures, 
ish, is here made with a pen, and, by a sort of 
ths lines outside of the knot-marks are made 
d appearance. Fige. 4 and 6 may be tinted with 
ren to wood in tinted drawings, viz. a very pale 
la, resembling newly plaued pine wood, 
Che shading of the knots, and of the sides of the 
len the knot-marks, \» supposed to be made with 
ib, taken nearly dry, which is the usual method, 
knots, or looped sections of the grain, may be 
n of newly planed boards having a strongly 
n ease a drawing were shaded, but not tinted, 
omitted from the wood- work. 
r "hard pine," a little carmine may be added to 
Fig. 6 represents hard wood. The little trans- 
b distinguish it from the preceding figures, are 
ots and before the longitudinal marks, which are 
i transverse marks. Burnt sienna, softened with 
allow ochre, arc better tints for oak than is burnt 

mber is represented as very narrow, the groups 
aid take up its whole width ; bnt if a large tim- 
L on a moderately large scale, so as to be abon 
on the drawing, let the knots be made no largei 
d a of Pi. IV. 

rs thus far shown have the appearance of heart- 
s ^hose widths are whole chords of a log. On 
but a small outside portion of the widest section 
tt-marks would be mostly omitted and the longi- 
f would be made. 

ing of ends of timbers is shown in PI. IV. Fig, 
f a square timber, and is grained in concentric 
; the growth of the tree; and ragged r^diai 
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g outwards, which represent 
id end, as b, may have an imi 
the timber; and the end of 
t lines. 

r be cut lengthways, and if il 
surface from the body of th 
wing, by drawing fine paralle 
tinted drawing, by omitting 
int, as in the right-hand part 
rallel longitudinal lines for tY 
nting timbers on a very larg 
liich is supposed to form pa 
marks and shading may bem 
rnt sienna, mixed with a lltt 
.ed witii clear liglit burnt file 
rm part of a drawing which 
lUtral lints already describei: 
be considered as somewhat 
,ed wholly with a moist brus 
vith some neutral tint, 
er of graining of the ends of 
ent from an inspeciion of PI 
may 6er\e as a sufficient not 
oods. Whatever variations 

by the student, let them, tl 
lot from mere tuiinstructed fi 
al draftsmen may sometirai 

drawings, as of locomotii 
machines, in making which i 

the valuable woods — m.iho 
lese woods are represented 
t in tints, but in thicker coa 
es of the brush, as they ove 
resent the variegated tints of 
iolor of mahogany, burnt si 
on'a blood" — a dark, dull 
lewood, the same, with som 
mt umber, with a minute c 
will answer the purpose. 

Masonry. 
ires illustrative of the mere p 
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ooly Bimple piles of regular blocks have bSen ropre 
g more being necessary. The representation of 
be considered under the following heads: 



ijUhUr. ■{ RDUgb. 
(Buuluted. 
Bubblo. 

jrick and stone-work may be made in line drawing 

awing. 

rawings, both of brick and plane aehiar, or smooth 

ed stone, are made as shown in PI. IV. Fig. 15, i. e. 

ng their outlines. The section or cut surface, PI. IV. 

b distinguished by fine wavy lines, leaving a small 

r distinctness' sake at the upper and left-hand edges 

. Ashlar, that is, squared stone-work, in which the 
itone — or the part seen in looking at the wall — is 
(hown in line drawing at PI. IV. Figs. 9 and 16, by 

of pen-shading, chiefly to the right-hand and lower 
distinctness and uniformity to the whole. The treat- 
fferent stones in the figure indicates various degrees 

By making several seta of shade lines, of variable 

set, as in PI. IV. Fig. 16, a harsh edge to the sliad- 

oided. 

%ted Ashlar is that which is cut off or "-chamfered" 

It is shown in line drawing by a rectangle just 
lines of the stone, and of which the lower and right- 
heavy — PI. IV. Fig. 12. These latter sides alone are 
awiugs made on a small scale. See PI. IV. Fig. 17. 
1 is wrought on the face with a pick or pointed 
d to be nigged, and is shown In PI. IV. Fig. 17. 
entation of Masonry in Tinted Drawings, — Com- 
rk is, in tinted drawings, represented by a tint of 
aurnt sienna, with the addition of some ink, over 
s in PI. IV. Fig. 8, are made when a section of the 

shown. An extremely light tint of burnt sionua 
itter, of gamboge aud a little ink, will answer for 

ig stones are very generally of some bluish gray 
ire, therefore, tinted with a light color composed of 
* (pure gray) to which is added Pnissian blue, with 
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s little oarmiue. By varying the proportions 
changing the Hnd of bhie, or omittuig the ca 
colors can be made. To avoid the too smoa 
the tint alone would give, the stones ai-e filli 
IV. Fig. 10, with fine vertical marks or "hati 

inga, observe — 

b they should be made in pale ink. 

i they should be in their ffmeral d 

tthat— 

f should be slightly wavy, and n» 

Y should not be like accents h 
size ; hence each most be made de 
r should be arranged in curve 
ones, to avoid a monotonous app 
^ve a decided effect, 
SistinotneBB and to represent the 
M be left at the top and lefl-hand 
iffh AafUar is represented in tinlC' 
brash, as seen at PL IV. Figs. ' 
T is shown by tinting the space 
th ink, on the lower and right-h 
8 put on. See PI. IV. Fig. 14. 
'ible coDBists of rounded or angi 
■oken, or of flat irregular slab?, at 
;nt of rounded rubble wall is shov 
iton freestone may he well repiei 
>f burnt sienna, carmine, and ink 
his tint may be purposely laid on 
lach stone before the "hatchings' 
I broken edge of stone-work, PI. ] 
. by a smooth and yet iriegular 
ine, aa in the case of wood-breaki 
a stone ornamented with variou 
work is called vermiculated. 

Mock, Earth, and Water 
V. Fig. 5, shows a section of a sti 
r earth, and as it would be made in 
>reBented by fine horizontal lines, 
together and gradually become 
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f the Btream are made by a Bort of roughly-shaded 
Bt at the surface line. 

g. 6, shows a sectioD of a sti-eam having the sides 
itifiod " rock — that is, rock naturally arranged in 

Qg with the descilption of the figures of this 
reseuts earth again, in a little less bold style of 
) showD in Fig. 5 ; Fig. 2 represents sand ; Fig. 3, 
ttering stones; and Fig. 4, rough and broken 
not found in regular layers. 
next describe the manner of representing earth, 
Irawings. In Fig. 6, if colored, the water would 
: lines, and the earth by strokes of mixed burnt 
singled with darker strokes, having more ink and 
i to the burnt sienna. These dark strokes prevail 
stream, in order to indicate mud, while the banks 
aud more gravelly appearance towards the top. 
^he representations of earth, that the surface-line 
:t, the thickness of dirt represented is small, aud 
>rush-Btrokes shade off gradually into the blank 
I the brush-Btrokea — laid on nearly dry — should 
d not parallel to the surface-line of the soil. 
EviDgs, sand would be represented by pale dots on 
, roughly shaded from the surface-line, after the 
-shading" (143). Gravel is similarly shaded and 
resenting rough rock, the tint is darker in spots 
lines running in various directions in repreEenting 
of the surface. 

Metals. 
]e chief metal to be represented in geometrical 
ionally brass, copper, and silver are to be reprc- 
its are used for iron; the first is a light tint of 
>Iue, which is the usual conventional tint for 
le second, for cast-iron, is a gray tint composed 
ite with a little indigo. The Prussian blue may 
be used for very small or for ink-shaded surfaces ; 
id unshaded surfaces, it is rather too vivid, and 
tint, like the mixed one just named, or one made 
ery little ink, is preferable, 
of two sorts, hard and soft; otherwise, dark 
latter is tinted with clear gamboge, or with 
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former with the same co 
l(! vermilion or carmine. 
or of carmine to the cleai 
7per. 

represented by an almost 
orod ground, by white tnii 
lid on thick, and not in we 
oh it is desirable to repres* 
1, are best made on tinted ; 
7e of metal is representet 
light, but which is broken i 
txtent. See PI. V, Fig. 1 
U are often represented bj 
scale of tfae drawing, of tb 
h the drawing-pen — rath( 
en tbem. 

here cautioned not to rely 
aved plates, as models to 
ng, and materials used in < 
larefully, the quite minute 
Mid, for modehy take fresh 
selves; newly planed woe 
, and freshly fractured bit 
se, as copies, the best ac 
;smen are the best. 

are fine, are too costly 
in connection with the ft 
I copies, it will be profitabl 
ler like works, that are ac 
\faekiniaVa Drawing Bool 
de Mathematiques appliqt 
ouRoux : Mudea eomplett 

•.omplet de Dessin Liniair 
erican Engineering, illusti 
omotive Engineering, illue 
fmdia of Drawing. 
thograpks, by various sat 
of various subjects. 
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lAL CONSTRUCTIONS OP TWO DIMBNaiONSL 



CHAPTER L 

mrCnOIT AXD COPTOTG OF BIMPLZ FIGITBES. 

'ruct an equilateral triangle upon a given base, 
the T rule draw the indefinite line, AB, and upon 




nal to the given base ; then, since the angles of an 
gle are each 60°, draw AC and BC with the 60= 
nW complete the figure, 

"uet a square upon a given base. Fig. 17. Draw, 
lefinite line with the T rule, and on it lay off AB, 
i-en base. At A or B draw, with the triangle, an 
idicular, as BC. Recollecting that the diagonal of 
an angle of 45° with its edges, place the hypolhe- 
triangle at A, and without drawing the diagonal, 
tion, C, with the perpendicular just drawn. 
point C, thus found, draw the horizontal lino, CD, 
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with the T rule, and the )>erpendicular, AD, wit 

^L til .1 — u_ completed. 

r an ieoBceles right-angle* 
with the T rule, for its 1 
lee of the 45° triangle. 
.B, Fig. 16, one of the i 
i[ht- angled triangle, 
of 30% 60°, 90°, drawinj 

nger base witli the T ml 
iort> r base with the T n 
■al triangle on a line pa 

Fig. 17, as a liypotbenaB 

It deBoribed tbe hypothe 

■hombua on a given short 
lashes with the T rale wi 



■i 



igonal is liud off Then 
Bimilar lines, AD and 
« the figare. 
hexagon upon a given «'i 

Fig. 10, be the given si 
on = 120°, the exterior c 

the 60" triangle. To 1 
t lines through A and B i 
interueot at the centre of 
C, and tbrougb it draw 
letennine the points E an 
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iie eO" triangle, and find where they intersect 
d BC produced, or fragmeats of perpendicular? 




Having thus fonnd F and G, join them by the 
lid be parallel to AB, and which will complete 



( an octagon with the teaat potsiHe tae of the 
lethod. Fig. 20. Draw AB, andonAG, ^awn 




?le,.lay off AC equal to AB. At C, draw the 
id see where a line parallel to AC, through B, 
Having thus found D, E may be found by 
ie 45° triangle till it intersects the perpondicu- 
BH, H may be determined by a horizontal line 
line parallel to AC, through E. G may then 
pei'pendioular H6, by a line parallel to BII, 
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rizontal lioe, DG. Fin, 
I to AC, -with EF para 
EF with CF, parallel tc 
Fith the perpendicular I 
ig. 21. DeBcribo a circl 




re diagooaU of an oct 
horizontal diametor ; ( 

meter ; and E, F, G, a 

ith the 45° triaogle. < 

le complete. 

going figures may be 
TLns the square, Fig 

T represent a eqnare w 

eet to the inch. 

Starts 
constructed, are in then 
a in some kinds of draw 
r-pointed star. Fig. 2! 
ies of horizontal and vi 
ius of the circle throug' 
of the radius through 
liameters of the inner < 
1 45" triangle. 
;, with the outer points, 
rhese lines, with the di 
a of the star, which ma.; 
star evenly, ink ita on 
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e interior, and then with thick ink blacken the 
.re made black in the figure, leaving a fine liii« 
rate the adjacent black sidee. 




; five^ointed star. Fig. 23. 



A, b, etc., be in the cirotimfereiK 
, looks best when its points, as b am 
itraight lines ; hence find a, by dr: 
. Similar points will be in a cin 
nd shading of this star can now t 

OWB a shaded six-pointed star, in 
only necessary to say that its lines, 
1 <^ 30" from the points opposite to 
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192. An axia of gymmetry of 

dividea that figure into parts, whi 

line as an axis, will coincide. ' 

f, also called cet 

It of AB, for exa 

t BO as to coiDoij 



«w aa eight-po: 
. 22, 23, Bhall be 

es triangle has oi 
IB two/ an equil 
pentagon, j?ue ; 
an infinite numl 
Whence we ci 
e-lines as it has i 
tly has two cen 
ich line, and F\g. 
having two cen 
From their int< 
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e, each cqaal to half the width of the horizontal arm, and 
id OB, each equal to half the length of the long arm of tins 
, and through these four points draw indefinite horizoiUal 
ivilh the T rule. Then, on CD, lay ofi^, on each side of O, 
id Ok, each equal to half the widlh of the long arm, and OC 
D, each equal to half the length of the short arm. Throngli 
Four points draw lines parallel to AB, and they will intersect 
et group so as to complete the figure. 

, 3b copy such a figure aa the preeedvig by inatrumetits. 
two new centre-lines through the point chosen as the ropre- 
ive of the point on the paper which Is to contain the copy, 
ien transfer to these centre-lines the same distances which 
used in oonstmcting the figure in the first place — i.e. if the 
B to be of the same size as the original. Call the new inter- 
1 of the centre-lines 0', and the axes A'B' and CD', then if 
ipy is to he n times as large as the original, take Of, for in- 
, and lay it off n times on O'A' to determine the corret^oiid- 
int,^', of the copy ; or if the copy is to be ^ as large as the 
U, take one-nfA part of each distance, as Of, and lay it off 
O'A', which will give the point aa f on the reduced copy. 

If the measurements from wluch the original was con- 
id are accessible, and if the numerator of the fraction ex- 
ig the ratio of the copy to the ori^nal be anything else than 

FH.ae. 

.^(T -A^ 



— tliue, if the copy be J of the original — it will be more con. 
t to determine the scale of the copy and to conatmct it liy 
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BO^e directly from the measarementa. Tbu 
Le an iiicl), represents 4fl. on the 
if the original, 4ft. will he rcprei 
' an inch, and lOfl. by 1 inch, bo 
)m the onginal meaBnremeuts, on 

. 20 represents a surface having I 
Od AB lay off the length of the 
W = At, and Ac. Horizontal ant 
a will complete the figure. Th 
re are evident from the explanatk 
Bt figui'e. 
. 27 represents a surface havinj 



rt. or to copy it, begin at any j 
emente from point to point aroun 

f off first Aft, then Ac, then bd, t 
ough b, d, and/, coincides with / 

. 26 represents a practical constn 
ry: viz. a semi-circular topped 
thia large enough to fill half a pli 
window opening, as described in 
ill this and in all similar cases, 
rclea before inking the vertical sid 
les can be more neatly made t 
c can to two given straight lines. 
nked in pale lines. 
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of Measurements. Construction of PUtnt 

of SuUdingB. 
ber of lisefol practical constructions involv- 
, plana of bnildinga are as important as an^. 
in of a building, finiBhed in a vciy completfi 




Lch drawinga. As this fignre ia supposed to 
ments, the manner of taking and recording 
lere given. 

leasuriiig the length of the different part^ 
of the doors and windows, etc., with a foot- 
measure. These measurements, to be true, 
md hence may be taken on the ground, or 
a of , the walls or on the floor for the doors; 
adows. Also the measurements on any line, 
^ken from point to point, as from c to the 
) window, then between the windows, etc., 
referred to the end of the line, as from c to 
ow, from c to the right side of the window, 
f the next window, etc. 
(ureinents, one accent denotes feet, and 
The points between which the measure^ 
icated by arrow-heads ; thus, on the figure, 
: 4i^' (feet), from e across the window = 8', 
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of a school-hcnise, showi 
f STinmetiy, though its s 
[16 through the middle p 

I be s centre-lioe for near 
ding. So also a line pe 

II be a centre-line for m 
he porch and adjacent tvi 

reference to a line perj: 

ciipdons— and having tfa« 
id. 

to execution : first tint t 
light tints of bnmt sienna 
led p»rt8 of the walls witt 
)w-opening ink three linet 
window-sashes, observing 
lown in thij plate ; then : 
:k, black color, applied w 
tiiedium-sized broken linei 
orking-up of a design fo 
<ut the plans of the sevt 
ent of the apartments, can 
ar as a house expresses 
e in respeot to internal a 
) plan. 

malysis nf the design in £ 
n of others as an exercise 
cultivate fine perceptions 
apartments to the variou 
luce skill in contriving C' 
auty and convenience. 

adapted to ground wet 
I soon descending Jrom i. 
is fiilly Hhowii. The ba^ 
presented, the former, wh 
r dotted lines. 
)ule 9'x9' of athree-stoi 
□ two sides. 

Yxl T — 6', besides the w 
uain stairs. 

)r, lY'X 25' — 6', entered I 
lay-window, w', and two t 
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northern aspect being eappos 
iry or study, 14' x 16', entered 
1 shallow niche at n, and cbinu 
king, and apparatus, etc^ room 
dow, to", and opening both intc 

ing into the hall. 




I including stairs to the basem 
nber.i, itscending from a, aho p 
>m, I2'xl6', flanked by the 1 
ough a long window. The sou 
healthful abundance, and affu 



sement — under C ia the cellar. 
>m. Under B'B" is the kitchi 
r the hall door, d, and a windi 
m, which ia under E. Under '. 
i the kitchen and dining-room i 
m, flanked by the greenhouse 
ith and west. This room also 
id an underground wall on th 



•»* I 
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is therefore snugly sheltered. Under D is a bedroom and ba80> 
ment passages. 

Proceedmg now to the second story — over is a chamber 14 J' 
Xl7', with a niche, n, and closet, L. Over C is a bedroom 9 x 
13, with niche and closet. Over B' is the hall landing, reaching 
over B" far enough to afford a passage, jt)^, to the chambers C and 
C, and an entrance to the dressing-room over E. Over D and F 
are chambers. Over A and B is a second story sitting or working 
room, with stained bay window in the tower front. Over p' is a 
closet for the chamber H. Over the back stairs ascending from a 
are attic stairs, leading also to the third story of the tower. 

203. Mbdijiccttioiis. By placing the west window of H near />, 
and the chimney, c, adjacent to J, we gain a place for an organ 
niche at G, between a and S, and favor the warming of the green- 
house. Omitting the side hall, G, the stairs to the basement may 
be in B", and H will be 16' xll'. 

By placing the library chimney at n^ in the parlor partition, we 
gain space for a book-case niche under the turn of the stairs ; and 
can then make under C a wash-room, under E a bedroom, and 
under D a kitchen. 

204. Further modifications^ for level ground. Place a kitchen 
and wash-room on a level with H, over J, and put the side hall, G 
between them, and at right angles to its present position. Then 
make H the dining-room, and D the sitting-room, with an organ 
niche at c, and a large square bay window at S for flowers, and a 
piazza at T. In this arrangement we suppose that the house facea 
the west instead of the east, as now. Finally, over A and B will 
then be the study, and E a family library, giving a very agreeable 
design. 

JEhrth and Water Sections. 

205. PL rV"., Fig. 20, represents the section of a canal bank 
with the dimensions recorded, on a scale of eight feet to an inch ; 
affording an example of the line drawing of the embankment of an 
artificial water-course. 

The body of the embankment is of gravel ; the dark portion be- 
tween it and the stone facing, and above it, represents a mixture 
of sand and clay, called puddle^ and forming the lining of the em- 
bankment to keep it water-tight. 

Where the embankment is also used as a landing, as in cities, 
^tb jjtone facing sloping at 45^, is replaced by a vertical wall 8 feet 
high, 2^ feet thick at top, and 3':2* thick at bottom, resting on a 
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i by timbers parallel to the canal. Tbe 
k, is lined with a. veitical puddle wall one 
at top with a timber a foot square, back 
dling. From this description the student 
now described. 

pn in the figure is the " tow-path," Tha 
mailer, and is called the Beitne. 

Traced Copying. 

opy for temporary preservation : fasten a 
3r the drawing to be copied, and, without 
operations of construction, ink over tbe 
tracing-paper, with a drawing-pen. 
,e-copy for permanent preeervation. Pro- 
dtuting tracing-cloth for tracing-paper. 
•y to new drawing-paper go as to make a 
Make the copy on tracing-paper, as above 
er the back with crayon or soft pencil 
blackened side of the tracing-paper upon 
g-paper, and press over the lines of the 
rd point. On removing the tracing-paper, 
lines, they wilt be found to be ti'aj:<rferred 
le lines of the tracing-paper can be accu- 
ack, it will be sufficient to go over all the 
be bach of the copy, making broad lines 
:ad of dusting over the whole back of the 

) copy a drawing when a number of copies 
! to the same scale, and similarly finished, 
, drawing has been correctly constructed, 
!, and when it is desired to take copies of 
hich the originals cannot be obtained. 

of copying, called "pricking off" is, to 
; over the now sheet, and then, with a fine 
ough into the new paper all the points of 
jn requires especial care ; for, Jirst, if the 
[, it is undesirable to punctnre it ; second, 
IS piicked nff, it will lie diflicult to tell 
ttoving the original ; and third, if the ori- 
each puncture, it can never be exactly re 
;ive position of points will be changed. 
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in tlieso operations of copying, th' 
any of the Himple figares already dn 
a convenient, moreover, to construct 
;ers and oorner-pieoes from tracing-pi 
copying may be done by means of ■ 

which is of an unctuous character, 
aper containing the given drawing 
it is to be transferred. The lines ol 
jwed with a hard point, an impressio 
I transfer paper upon the blank sheet 
'ed, or green as desired. This assort 
B of transferring colored lines; sucl 
a drawings to indicate aIterationf>, 
ring representing a stractnre as origin 
: hnes, allerationa of the original mi] 
'.10718 to it, in red lines; and these it 
ifer at once in their proper colors, in i 
'1. Having a drawing on a scale of 3 
necessary to use in making the copy 
lake the copy. 

drawing on a scale of 5 ft, to 1 inch 
y j as large, i. e., half as large agai 
expressing it in feet to the inch, o 

from measurements the plan of 1 
ihe principal floor of your house, 
gronnd-plan of a dwelling containin 
iry, hall, kitchen, and wash-room, 
hich shall have back stairs, but sha 
itchen to dining-room through the cl 
e ground-plan of a house, the length 
road, hall in the middle, and two roo 
itc., in the rear, and rooms 13 ft. x ] 
ly means of extra large bay window 
draw the additions in red lines. Al 
to one, and indicate the consequent 

e plan of a suburban railway stati 
;age, telegraph, ticket, and toilet roi 
as, with appropriate hack and expres 
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'S OF OBOUFS OF BEGULAR FIGURES. 

; figures may be taken as geometriual deragLt 
l-cloth patterns, or for printed fabricB. Thej 
ed, in two or more shades, by the student, su 
ained. The tinting is not shown in the fignres, 
itmction may be made more apparent. Many 
^ord the best of practice in aceiiracy of con- 
adily appear on trial. Before commencing 
the student have his instrumenta in perfect 
ly the finest lines, through points exactly lo- 
', for each figure, describe, Jlrat, its constnn> 
its execution. 
ents a pavement of square tiles, set diagonally. 




be a floor of given size, and oi any rcctangu 
al of each tile will be a common divisor of 
the floor. 






-*'*; 
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If DO such common diviSor can be found which will give the 
tiles an appropriate size, the margin can be filled out with a bor- 
der, as seen in Fig. 31, or other fractional parts of tiles than halves 
can be taken. In Fig. 30, having divided the adjacent sides, AD 
and DC, into equal parts, draw diagonal lines in both directions, 
through each point, and through the points formed by construction 
on AB and BO, till the w])ole space, ABCD, is filled. 

211. As regards execution^ let the pencil lines thus drawn remain 
untouched, if they are so fine as not to show, when the tint is 
finished ; otherwise, ink them with very pale ink, and then care- 
fully erase the pencil lines, remembering that there is danger of 
injuring the sui-face of the paper by severe use of the rubber. 
Then tint over the entire square, ABCD, with a pale tint. When 
that is dry, tint over alternate stripes, as abed and efgh^ and when 
these are dry, tint the alternate stripes in the contrary direction, as 
DanB and cdkm. This order of tinting in intersecting stripes 
will, without any effort at arrangement, produce the combination 
indicated by the figures, where 3 is the dark centre of a group of 
nine squares, of which the four comer squares, mapked 1, have but 
one tint, while those marked 2 have two tints. A pavement of 
rhombuses may be similarly tinted. 

212. Fig. 31 is a pavement of hexagonal tiles. The width, ij^ 




of a tile, equals the side, ilx V^-, hencd the length, iw^ of a flooi 
containing a given number of tiles in each row equals ilx -/S, X 
the number of hexagons in the row. Conversely, if, in a floor ol 
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place a given nam^ 
be fonnd by dividir 
i.e. let L ->= leogth c 

nVs. 

the floor, it is show: 
enly filled, the width, 

each equal to f il, < 
)e of a tile, leaving i 
Jie same circumscrib: 
!, is one method of c 

F, Fm, mo, etc., ea< 
iclies, and at these p 
ill contain some of tti 
s. Similar vertical 

will contain the ren 
\w U, at a height at 
e, — i.e. equal to twio 

equal parts, each e 
livisioii draw horizoi 

at F, )M, o, etc., in v 
lines, if they are ac 
completed with the 'i 
sides form portions < 

struction is as follo' 
can be laid oS an exi 
;riangle, ABC, and o 
m. Through the po: 
larallel to the sides oi 
and dotted portions 
a hexagODB by the it 

the whole figure ligh 
second row with a 

id/, !/, h. Or, mak 
A, vr, — 2, etc. — rf, ei 

les around it. Sine 

n this figure, they n 

f the dark tiles. 



lOS or GItOUPS OF REGULAR FIGURES. 

axagon may be decomposed into nix equi 

20 may be divided into equibtei'al tnaii<:tt 

i seen by trial, these triangles can be an 

hexagon ill groups. 

1 triangles, squares, and hexagons, are tl 

with which an area can be filled without 1 

ten the figures. 

is proved as forows. All the angular space 

' fonr right angles. In Fig. 30, at any pt 

es — one from each of four squares — have j 

In Fig. 2, at any point, as x, three an; 
leing 120°, have a common vertex; or, 
ngles of equilateral triangles, each angle 
re their common vertex. The word reg 

geometrical sense as referring to figures 
re equal. The remaining designs of this c 
J sense that they consist of equal figures, 
jularly arranged. 

composed of octagons and small squares 




ntc fully enough the manner of Gonstrncti< 
)0Jnt of each small square need not be ! 



figure the small squares are made dark, i 
rated by lines of dark tint. 



r OF GROUPS OF KEGULj! 
de up of Octagons, elongj 




juares each. Tate the wid 
another, and lay these off 
e pavt'd. Through the poi 
ides of the area. Their ii 
r outer squares of each gra 
jl to those just mentionci 
and o, determine, by their 
rallels, the four corners, a 

Its draw di^onals, as tv ai 
t tq, which will complete t 
arranged as shown by th 
squares lightest, the hexa. 
ur squares of each group ( 
ite on tiiitcil paper, with 
ed white ; the hexagons, 
ning squares perfectly bla 
, laid on thick. 
ion of figures 34, 35, and 
r be tinted in clear colors, 

ne, as Ae, Fig. 34, into al 
'ay is to lay off the sum 
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eto., and then from A, c, e, etc., to lay off the small j 
c:f, eto. 
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AI»o in the execution of the same figure the narrow b 
be rtiled in perfectly blauk lines, nearly ai wide as the 
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This will give good practice in ruling wide lines, which require 
very thick ink. Further practice of the same kind may be had by 
surrounding any of the designs, as Fig. 34, when done on tinted 
paper, with contiguous bands, the inner one white, the next slate 
color, and the outer black, for example, each to be ruled with the 
drawing-pen after the preceding one has become dry. 

220. Some additional geometrical designs for surface decoration 
are shown in Figs. 3 V to 41 inclusive. 

Fig. 37 represents a wall front, decorated by a slightly project 

Fio. 37. 
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mg rectangular portion of each stone, and nearly equal to the full 
size of the stone. The construction is obvious on inspection. 
Fig. 38 is a reticulated design. Divide the sides of the bound- 
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ing rectangle into equal parts, to guide in drawing the pairs of 
diagonals. After drawing the diagonals, such parts of them should 
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be inked as form the sides of the small detached squares compos- 
ing the design. In all these designs, certain lines are shaded to 
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AB and BC, the pr 
iect these spaces, giv 
cond set of octagons. 
on, as ed a, locate on 
ect them noross upon 1 
shed in the centre-lin 
s. These parallels mi 
ah, and in the two di 
king such portions of 
i design will be compl 
ii-fect accuracy is demj 
ter to locate guiding-j: 
;han to trust to the t 

Y advantageously be i 
is here shown, 
d-cuts may serve the 
and VII. will not onl; 
II answer better as ni< 
lilar work, whether d 

to execute some of t 
lo poflpoiie the work 
■ color" in Div. IV., 
lieiewith, il' he wishe 
extinsively, in acco 
the artistic use of colt 

jf Delaistrb, Cout* de . 
[>DtentB. which lliia one 
; to add to his libnuy. 



CHAPTER III. 



GENBRALLT USEFUL ELEMENTARY : 



§ 1. — Fundamental Problems. 
A.— Projections. 

Pkob. 1. To locate a Point at given distances J^ 
points. (Fig. 42.) 



let B and c be the given points, and a und b tbe g 
let. Tnke np the distance a aa ti ladiuB, and, witb 
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where it is siippoEed ibe required point 

an a radius, and c as a centre, mark the 
inteisects the ai'c previously drawn. 

3h is in each oftwo lines must be at their 

ig both the above radii at each ai t^e 

(scribing arcs with each radiuB on both 

joints can be located at the given dis- 

Ls. 

mces are egued, two points, as C and D, 

uiclisla/il from two given points, as A 



Straight lAne, every point of tehich shaQ 
■jen points. {Fig. 43.) 
n points. 



ct any two points, as C and D, equidia- 
a straight line, which will be Uie.ltno 



EtX PLANE FBOBLEUS. 

ht line nowhere changi 
long a straight line, jo 
Mit from A ami B, we t 
we approach or lejive 
( which joins tv>o points 
ate, IB equidistant fi'on 

iBlrnction when C and '. 



^oints on a given lirte, ( 
le. (Fig. 44.) 




and C the given ^int. 

radius in the compHBsei 

escribe an arc, &tde/ a 

rnC. 

ts on the circuniferenct 

IB at once in two lines, i 

1 points were to have I 
distance would have be 
e Bolulion. 
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Iff number of Circula 

iven point. 



irole of given radius 



en po)iit!i, an<] mn the 
■uct the point C, equl 

IS, take G as a centre, : 
. and B as i-equired. 
1 and 3. 
CO ^ven points and th 
mcr include the dtume 
□tre will be the middl 

point of the chord A 
ilil also contain the <.'er 

of nn are is in a pt 
liddle point of the uho 



ire through three give, 
iffht tine. 
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e, Fig, 46, be the given points. 




. 2, construct a line, ed, every point of 
1 a and b. 

, construct a line, ^, every point of 
1 b and c. 

the point of intersection of these lini 

stance to either of the three given poii 

This arc will pass through all thre 

1°. See Prob. 2. 

three points, not in the same strdgh 

ide to pasa. 

?^nd the Centre of a given Circle or 



) fijid the Centre of a given Circle 
4 knovm. 
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B. — Intersections. 

ferns of Points and Straight Line*. 

PERPENDICULARS. 

a Line perpendicular (0 a ffivenline. (Fig. 47.) 



en line. 

ance, ed, anjwhere npon the line AB. 
nstnict aline, eh, every point of which shall b« 
d d, and it will be the required perpendicular, 
ill moving on eh, we approach or recede from 
bllows that in this motion we do not move at 
B or BA. Hence the direction of eA is i/ide- 
B. But when the directions of two lines are 
ise lilies are said to be at right angles, or per- 
her. 

aw a Perpendicular to a given Zine, at any 

ine. (Fig. 47.) 

eii line, and n the given point. 

af the given point n, set off an equal distance 

l steps, and the principle, are the same as in 
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1. FW»n a point, out of a given lint 
to that line. (Fig. 44.) 
■ the given point, mid AB the given lim 
^'ob. 3, locate ttvo iiointH, ns d .ind e, (■< 
^I'ob. 1, locate a point, n& g, equidistant 
' will be pei'|>endicular to AB. 
V- — See Prob. 10, and the other piobl 

FAKAI.LELS. 

!. Through <t gioen point, to conslrw 

be the given line, and C the given poii 
i'rob. 11, let fall a perpendicular Gdir 
Vob. 10, erect a perpeudicalar to AB ; 
ofifthe distance C(?, upon ae, from a. 
I b, the point thus found, with C, and tl 
d parallel. 
3. — Parallel lioea are everywhere equid 

I. To drate a Parallel to a given Hm 
!>m it. 

— After becoming familiar with ruler i 
f perpendiculars aud pai-allels, the stud( 
the triangles {119, 130). 

roblems on tite Circle / analogous to ti 

e points, or a line everywhere equid 
circle, is to find a diameter of it. 
line is perpend icniar to a curve at an 
to the tsiiigent at that point. Snch a 
■mat Every raditie of a circle is norr 
'herefore, to draw a normal from any 
ice, simply draw a line through thai 
le circle. 

:1 to a circle is a concentric circle ; tha 
same centre as the given circle. 

C. — Tangeneies- 

a, — Tangent Straight Xdnea. 

. To draw a Tangent at a given pow 
n circle whose centre ii known, (Pig> S 
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jtre is C be the givei 
ingency. 



> 



I, and produce it. 
Kc, perpendicular to A< 



to a circle is perpendic 



t at a given 
ot given. 
c, and let A be the gi 
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aal distances, AB and . 
IS already given for 
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iron point and parallel to a given lin 
illel to BO, and it will bo the lequired 
— The tangent to a circle is pnrall 
.'ct.s points on tiie circuinfureiice eqii: 
tangency, sinue the t:ingeiit and isueh 
II- to the radius of the point of taDgenc, 

To draw) a Straight TAne tangent tt 
i a given point not in l/ie ctrcumferen 
Lhe centre uf the given cirule, and le 
.50.) 




»io. BCt 

AG as a radius, describe an arc, ab, frc 

C Jis n centre, and with the diameter o; 

Bsciibe ^mall arcs cutting the arc ab, at tl 

the chords Ca and Cb, and note the 

iross the circle. 

(f A and eA, and these lines will be the n 

. — r. The radius through the middle p 

' perpendicular to that chord. 

dins of a circle is perpendicular to tl 

b. — Tangent Circles. 
To drcno a Circle of given centre, ta 

To draw a Circle ftom a given cen 
rcle. 
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lite sides of their common tangent 
•iorly. If oil the same side, they ai-e 



le, of any given radius, tangent to a 
on that line. 



le, with a given radius, and tangaU 



ivelopment 

7nt L%m$ and Arct, 

n I>istance on a given line. 

:e. (Fig. 43.) 

\ line, CD, every point of which will 

intersection of CD with AB, which 

t of CD is equidistanlfromA andB, 
ining those points will bisect the dis- 

accnracy in the construction of this 
lar operations are performed, it is 
ircB cat each othur nearly at right 
lie points C and D at a considerable 
e both these results, we cannot do 

given line itself — as the I'adius for 

the arcs at C and D quite short, 
ble one to judge, in advance, of 
n. Also, in this problem, it is not 

C to D, but only that point of it 
J .It K 

3 that case of Prob. ], in which the 
line joining the given points. 

Urcle or Arc, upon a straight line, 
ferenl radius, 

av arc into any number of parts, not 
13,1 their chords ahall be subetantially 
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suocussively on the straig 
distance thus found will 1 
ailed its development. 
i eijual to the sum of all il 
c A be of ncnily the sani' 
liords laid off upon it may 
jle error. 

a straight line, equivalt 
I rectification of the arc. 

!, and the Construction of 
riven X,ine into Two Part. 



e, which is to be divided, 

{Fig. 51.) 
remity of the 
e, AF, in any 
ilh AB. 
) equal to cd, 
ual to e/. 
the opposite 
rat given liuo. 
^p parallel to 
k'illbe divided 
he given lines 

va parallel to 

I parallel to FB — divides 1 

ly, it is well to make the i 

' great length, compared 
ivould be necessaiy to find 

lioh sliould be proportionn 
.o parts proportional to t 

r reqiiired any two lines j 
i thake AB and AF eael 
rhroiigh D and F paralleh 
d cut off parts of AB, p 

given Straight Line into 
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ittmber of other lines ; or to the ^ 

i divided. 

>l\(id by the student in the aame m 

orf.— Fig. 52. Let AB be a straig 
off upon it, and let gk be the j 




and BA, and produce thos^ linea 

iraw linea to the several points o 
) required. 

1 any tiiangle, if a line be drawr 
in from points in the base to tlie 
aae and the parallel line proportiot 
e problem can readily be solved, al 

b divide a Straight Line into ap. 

16 given line, and let it be rcqairc 

parts. (Fig. 53.) 

either end of the line, as A, di-aw a 

' convenient distance in the divi 
et it off seven times on AC. 
>oint9 C and B. 

all the points of division on AC, i 
hey will cut the line AB in poin 
joual narta. 
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nny triangle — ABC — if a line- 
e — BC — it will divide the otl 
ioniilly. 




Practically, it is well to air 
, aa ^hown in the diagram, the 
very ncute. 

line may be divided into nny 
l8 by 0)6 same construction, a 
may be divided into two equa 



ratruct a Fbtaih Pivportion<^ . 
be the given lines, (Fig. 54.) 
two indefinite linc!>, 
ing any angle with 

f these lines, as Ac, 
to the given l^ne a, 
al lo the ^ven line b. 
V line, Afi, lay off A(/, 
inecyormate bc'=c. 
>xbd'. 

arallel to M, and de 
ired fomth propor- 
z'e' pariillel to itf, 
he same fourth pro> 

i s^ne as in the last 
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Hrth proportional, to three given linea, v & 
et line is to the second as the third is to 

onal, to t«o given lines, is a line, such that 
\ as tlie second is to the third, i. e. the second 
jl between the first line and the third, or 



fnect a Third J^vporlional to two fftoen 
'5, be the given lines ; the latter, the mean 

let. Draw any two lines, Ad 
and Av, making any angle with 
each other. 

2d. On either of these lines, as 
A(?, lay off the disUinces Ae and 
e<l, respectively equal to the given 
lines a and b. 

3d. On Av, lay off Am, also 
equal to the givi-n line fi, the mean 

4th. Draw em. 

6th. Draw dv, parallel to cm, 
and mil will be the required third 
proportioiial to a and b. 
- M-inciple.— The same as in the 
last problem. 

a Mean Proportional to two given lines. 
given lines. (Fig. 56.) 

1st. Draw any indefinite strmght 
line, ab, and on it mark some point, 
ai A. 

2d. Lay off the line a' on aJ, 
and on either side of A, as at Aa. 

3d. Lay off the line *', on th« 
opposite side of A, as at A6. 

4th. Bisect ab ate. 

5th. On ab, as a diameter, de- 
scribe the semicirulc add. 

6th. From A, erect the perpen- 



• -- 
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dicular Ad; note the point, d^ where it crosses the semicircle, and 
Ad will be the required mean proportional. 

Principle, — ^The perpen^Ucular, diawn from any point on a semi- 
circle, to the diameter, is a mean ]>roportionaI between the two 
segments— A6 and Aa— into which it divides the diameter. 

Prob. 29. To divide a given line medially ; that is^ into two 
parts^ such that the whole line shall be to the greater part as the 
greater part to the lesser part. 

Let AB be the given line. (Fig. 57.) 

1st. At either extremity of 
the line, as B, erect a perpendi- 
cular, BC, and make it equal to 
half of AB. 

2d. With BC as a radius, and 
C As a centre, ^describe the arc 
DBE. 

3d. Draw ACD. 

4th. With A as aVjentre, and 
with AE as a radius, describe 
an arc, and at F, where it cuts AB, AB will be divided in the 
manner required. 

Principles,--V. A tangent— AB— is a mean proportional be- 
twe<5n the secant— AD— and its external segment— AE. 

2^ Quantities which are in proportion will be in proportion by 
division ; that is, AE : AB : : FB : AE. 

S\ Quantities which are in proportion will be in proportion by 
inversion ; that is, AB : AF : : AF : FB. 

Hemark.-This division of AB is also called division in extreme 
and mean ratio^ at the point F. 

C. — Angles. 

Prob. 30. To construct an Angle equal to a given angkj and 
at a given point on a give?! line. 

Let BAG be the given angle, and D the given point on the given 
line, DE. (Fig. 58.) 

1st. With A as a centre, and any convenient radius, describe an 
arc, BC. 

2d. With D as a centre, and the same radius as before, describe 
an arc, FE. 

3d. Take the chord of BC as a radius, and, with E as a centre, 
describe an arc cutting EF at F. 
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2*. The alternate angles formed by a secant meeting two paralkla 
are equal. 




Fio. 50. 



3*. Things equal to the same thing are equal to each other. 

Prob. 32. Through a given pointy not on a given line, to drcns 
a Idne^ making a given Angle with the given line. 
Let r be the given point, AB the given line. (Fig. 60.) 




Ist. At any point, A, of the given line, construct an angle equal 
to the given angle, by Prob. 30. 

2d. By Prob. 12, draw a line, rD, through r, and parallel to oA, 
and it will be the line required. 

Principle, — ^If a straight line meet two parallels, the opposite 
exterior and interior angles will be equal. 



•/jk. 
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§ 2. — Special and Practical Problems, 

Peob. 33. Upon a given radiiis, to construct a Circle by points. 

Let OB be the given radius. (Fig. 61.) 

1st. Make OC and BD. 

each perpendicular to OB, E P...Y../. x\^ -^ 

and equal to it. \ ]_].A 

2. Divide OB into any 
convenient number of 
equal parts. 

3. Divide BD into the 
same number of equal 
parts, 

4th. Produce CO to A, 
making OA=OC. 

5th. From A, draw in- 
definite lines through the 
points of division on OB ; 
and from 0, draw lines to 
the points on BD. These 
two groups of lines will 
intersect at points, a, ^, c, 
dy which will be in the circumference of a circle of radius OB. 

Remark. — The three other quadrants can be determined in the 
same way. 

Proof. — Suppose the circle to be first drawn, and that the inter- 
secting lines, as IC and aA, have been drawn through points on the 
circumference. Then, in the triangles AlO and ICD, the angles 
at D and O are right angles, the angles at C and A are equal, each 
being measured by halt the arc aC, and AO=CD. Therefore, the 
two triangles are equal, and 01=D1 ; L e. the lines OB and BD 
are properly divided into equal parts, as in the foregoing con- 
struction. 

Remark, — If the base of a triangle be divided into equal parts, 
and if lines be drawn from the points of division to the opposite 
mgle, then any line parallel to the base wmII be divided into equal 
3art8 by these lines — produced, if necessary. Hence, in the figure, 
ines, as en and GE, and cv^ will be divided into equal parts by 
.he same groups of lines that were used in determining points in 
<he circumference. This remark serves to show how to construct 
k circular arc by points. 
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Pio. 62. 



Prob. 84. To draw a Perpendicular from a pointy at or near 
the end of a given line. 

Let AB be the given line, and c the given point. (Fig. 62.) 

First Method.— liiL With any 
point, d^ not on the given line, as a 
centre, and dc m a radius, de- 
scribe an arc, and note the pointy 
B, where it cuts the given line. 

2d. Draw the diameter Be, and 
note the point, 6, where it cuts 
the arc. 

3d. Draw ec^ which will be per- 
pendicular to AB, as required. 
Principle. — Any angle — ecB — 
inscribed in a semicircle — ecB — is a right angle. 

Hemark, — To secure a good construction, the relative position 
of d^ 0, and B should not vary much &om that shown in the 
diagram. 

Second Method, — ^Fig, 63. Let AB be the given line, and c the 
given point. 




FiQ. 63. 




1st. Place the steel point of the dividers at c, extend the pencil 
point to any point, e, and, with c as a centre and ce as a radius 
describe an arc, ed,^ 

2d. With e as a centre, and with the same radius, describe the 
arc cc?, cutting the former arc at d. 

3d. Draw the line ed^ and produce it indefinitely. 



.4 
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4th. With e? a^ a centre, and de as a radius, describe the arc eco^ 
and note the point o. 

5th. Draw oc, which will be perpendicular to AB, as required. 

Principles. — 1°. The centre — d—oi a circle, is equally distant 
from all points — as o, c, and e — of the circumference. 

2°. See the first method. 

Pkob. 35. To draw a Perpendicular to a line^ from a point 
nearly over the end of the line. 

Let AB be the given line, and C the given point. (Hg. 64. ) 

Fio. 64. 




I^rst Method, — 1st. Mark any point, as 6, not very far from 
where the perpendicular Cc^ might be supposed to cut AB. 

2d. Join tliis point e with C. 

dd. Bisect Ge at o, as shown by the constructions at n and s. 

4th. With o as a centre, and oe=oG as a radius, describe the 
arc erfO, and note the point d, 

6th. Draw Gd, which will be perpendicular to AB. 

Prificiple. — See Prob. 34. 

Second Method. — Fi^j:. 6 '^, Let AB be the given line, and C the 
given point. 

1st. With any point, as B, near to where the perpendicular will 
^ut AB, as a centre, and with BC as a radius, describe an arc, Cde^ 
[)ot Hhown. 

2d. With any other point, as A, as far as convenient from B, as 
a centre, and with AC as a radius, describe the arc CBe, also not 
shown. 

3d. Join C and e, and Ge will be perpendicular to AB. 

Principle, — When two circles — Cde and CBe — have two points 
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common to each — C and e — the common chord — Q>e — -joining those 
j>()int8, will be perpeudiculfir to the line — AB — which joins the 
centres — A and B — of the circles. 



Fie. 66. 



1^ 



B 



Remark, — The centres, A and B, might be on the same side of 
Ce, but if they were, the intersections of the two arcs would be 
lens accurately defined than in tho construction liere given. 

Pjrob. 36. To draw a Tangent to a gioen circle^ from an exte- 
rior point. 

Let C be the centre of the given circle, and let A be the given 
point (Fig. 60.) 

Fig. 66. 




1st. Join A and C. 

2d. Find by trial, or by construction, B, the middle point 
of AC. 

3d. With B as a centre, and with BA as a radius, describe the 

arc deK. 
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4th. Draw k.e and Ac?, and they will both be tangents, answer- 
ing the given conditions. 

Principles. — 1°. By drawing Cc, we have: the angle — as CeA 
— which is inscribed in a semicircle — CeA — is a right ungle. 

2**. The tangent to a circle is perpendicular to the radius passing 
through the point of tangency. 

Prob. 37. Having given a side and two adjacent angles of a 
triangle^ to construct the Triangle. 

Let AB be the given side, and C and I) the given angles. 

1st. On any indefinite line, EF, lay off a distance EF, equal to 
the given side AB. 

2d. At either end of EF, as at E, construct the angle mEw, 
equal to the given angle C, by Prob. 30. 

3d. At F, construct the angle oF/?, equal to the other given 
angle, D. • 

4th. Produce the 'sides E?i, and ¥p, till they meet at 6; which 
will complete the triangle. 

Principle, — When a side and its two adjacent angles, the given 
Bide and ang^les, in one triangle are equal to the side and two ad- 
jacent angles in another triangle, EGF, the triangles are equaL 

Remark. — If one of the given angles were opposite the given 
side ; find the third angle by making it the diiference between 180® 
and the sum of the other two. Then proceed as above; 

Prob. 38. To construct a Square on a given line. 
Let AB be the given side. 
First Method.— {Vig. 67.) 

Fio. 67. 




1st. AB being laid off on any indefinite line, erect, at A and B, 
perpendiculars to AB. 
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2d. On each of these perpendiculars, lay off a distance equal to 
the given side. 

3d. Join the points C and D, thus found, and the square will he 
completed. 

Principle. — A square is a iigure of four equal sides, and having 
four right angles. 

Second Method. — (Fig. 67.) 

] St. Lay down AB, as before. 

2d. With A and B as centres, and with AB as a radius, describe 
arcs intersecting at/?. 

ad. Bifieot either of these arcs, as jdB, at «, and lay off the chord 
of pe on the nrcs produced, from/> to C and D. 

4th. Draw CA, CD and DB, uhich will complete the square. 

Principles, — 1°. See the first method. 

2^ Radius equals the chord of 60°. 

Pror 39. To construct a regular Pentagon^ on a given side. 
Let AB be the given side. (Fig. 68.) 

Pig. 68. 




1st. At either end of AB, as B, erect a perpendicular^ BC, equal 
to half the given side. 

2d. Draw ACD and make CD equal to CB. 

3d. Join B and D. BD is the radius of the circumscribed circle 
of the required pentagon ; hence, 

4th. With BD as a nidius, and with A and B, trkeii successively 
as centres, draw arcs meeting at P. 

5th. Describe a circle with P as a centre, and PA as a radius, 
and apply the chord AB live times to the circumference ; which 
will give the pentagon ABNXV. 

Principles. — 1°. By making CE=CD = CB, AD is divided me- 
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dially at E. Also AB^ED. Hence in the triengles AEB and 
ABD, AE : AB : : AB : AD. Also, the angle BAE is common to 
both. Hence these triangles are similar, and AE : EB :: AB : BD, 
or by alternation AE : AB : : EB : BD. 

2^ As there is but one division in extreme and mean ratio for 
any one line, any two lines so divided, are proportionally divided. 
Hence, observing that AB is thus divided , by taking AE for its 
larger segment, and that ro (Fig. 69) is likewise divided at t^ (^see 




Prob. 42,) and that rD=ro, we have, supposing Figs. 68 and 69 
to be equal pentagons, AE : AB \\ tr \ rD. Hence, from the last 
two proportions, EB : BD \\tr\ rD. Hence the triangles EBD 
and tr\^ are similar. But <D (=DE) Fig. 69, =ED (=AB) Fig. 
68, lience these triangles are not only similar, but equal. There- 
fore BD (=rD) is t!»e radius of the circumscribing circle of the 
pentagon of which ED=AB=<D is a side. 

Prob. 40. To construct a regular Hexagon on a given line. 
Let AB be the given line. (Fig. 70.) 

FiQ. 70. 

mm ...— • — — --.. ^ Xtt 
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First Method. — Ist. Take AB a8 a radias, aod describe arcs 
from A and B as centres, intersecting at P. 

2d. With the same radius, describe a circle, having P for its 
centre. Then proceed to complete the hexagon by setting off the 
radias, six times around the circumference, joining the points so 
found. 

Principle, — ^The side of a hexagon is equal to the radius of its 
circumscribing circle. 

Second Method, — 1st. At B and A, construct lines, making 
angles of 00° with AB produced in each direction (see PAB and 
PBA), and make each of these lines equal to AB. 

2d. Join CF, and at each of these points draw lines equal to AB, 
and making angles of 60° with CF. 

3d. Join DE, which will complete the hex.M*;on. 

Principle, — A regular hexagon has six equal sides, and six angles 
of 120° each. 

Peob. 41. 2o construct any regular Polygon on a given side. 
Let AB be the given side (Fig. 71 ), and let the figure taken to 
'*^ustrate the solution, be a regular heptagon. 




1st. Describe a semicircle, with AB for its radius. 

2d. Divide this semicircle, by trial, into seven equal parts. 

3d. Draw Be to the fifth point of division, from A. 

4th. Through the intermediate points of division, draw indefinite 
line-^, from B, the centre of the semicircle Kcd. 

5th. With AB as a constant radius, describe an arc from c as a 
centre cutting Be at 6 ; from e, cutting B/at/; from j^, cutting B*/ 
at g ; from A, cutting BA at h ; and from A, cutting B^ again at 
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IK'^HV />^ U ilividcd medially, that is, in extreme and mean ratio, 

and rp=:ro; and rt=ro—ot 
Ileuoe rp*=ro*=pixrt={ro + rt) rt^roxrt + rt* 

=ro {ro—ot)-{-rt^ 
=ro^ —ro xot + rt^ . 
O^ttCH^Uing ro^^ and transposing, rt*=ro x ot. Hence ro i* divided 
Uk^diaUy at ^, by this constraction. 

il'*. The side of an inscribed decagon, is the larger segment, rt^ 
(xf thi) radius thus divided. 

4^ The side of a pentagon, DE=D^ equals the square root of 
%\k» sum of the squares of radius and the side of the inscribed 

Prob. 43. To describe any number of Equal Circles tangent to 
^«oA other ^ exteriorly^ and to a given circlCy interiorly. 
Let ABO be the given circle. (Fig. 73.) 

Fig. 78. 




1st. Divide the circumference into the required number of equal 
parts ; six, for example. 

2d. Draw radii, PA, PB, etc., through the points of division. 
3d. Bisect any one of the equal angles, as APB, made by these 
radii. 

4th. At either of the points of division, adjacent to the bisecting 
line, draw a tangent, as JSt^ and note the point ^, in which it meets 
ing line. 

t, make tn equal to ^B. 
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6th. At «, draw no and nr, perpendicular to P^. 

7th. At the points o and r, draw circles with the radii on and 
rn, and they will be two of the required circles. The centres of 
the four remaining circles will be. where a circle with Po as a 
radius, crosses tlie remaining radii, as PC, through the points of 
division, and their points of tangency will all be on a circle with 
its centre at P, and with Tn for a radius. 

Principles. — 1°. In a quadrilateral — tnrB — if two adjacent sides 
— B^ and tn — and the angles contained between them and the 
remaining sides, are equal, those remaining sides, nr, and Br, will 
be equal. 

2°. All radii of any one circle are equal. 

3^ Any point in the bisecting line of an angle is equidistant 
from the sides of that angle. 

Pbob. 44. To construct a Square^ equivalent to a given triangle. 
Let ABO be the given triangle. (Fig. 74.) 

Pig. 74. 




1st. Taking any side AO as a base, construct BD, the altitude, 
perpendicular to AC. 

2d. By Prob. 28, find FI, a mean proportional between the base 
and semi altitude of the triangle. 

3d. On FI, complete the square FIJH, which will be the re- 
quired pquare. 

Principles, — See Probs. 28 and 38. 

Pjrob. 45. To construct a Square^ equivalent to a given paral- 
lelogram. 

Let ABCD be the given parallelogram. (Fig. 75.) 
1st. Construct any perpendicular, as EF, between the bases, AB 
and CD, of the parallelogram. 
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OKXBRAX AND PBACTICAL PROBLEMS OF COMPOUND CURVES, COM 

POSED OP CIRCULAR ARCS. 

221. A compound curve is one which is composed of two or 
more dimple arcs, tangent to each o her. 

All that is* necessary, in order th:it two circular arcs shall be 
tangent to each other, is, that their centres should be in a straight 
line passing through the point of tangency. 

An oval is an oblong curve, returning into itself, and composed 
of arcs of circles tangent to each other. 



pROB. 1. To describe an Oval^ composed of four circula/i arcs. 

Fig. 76. 



Fig. 76. 




\sU Draw any straight line, AB, of indefinite length. 

2e7. Take any two points, c and d^ on this line, as centres; and 
with any radius, greater than half of cd^ describe two circles, in- 
tersecting each other at n and e, 

Zd. Through n or e, or both, draw lines, as ep and eq. These 
lines determine the points of tangency of the arcs, rs and pq^ 
with the arcs drawn with c and d as centres. 

\th. Draw arcs, rs and pq^ with ep or eq at a radius, and with 
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e and n as centres. These, with the arcs pr and qs^ will com^ jete 
the required oval. 

Principles. — (See the remarks immediately preceding this pro- 
blem.) 

Pbob. 2. To cbraw an OvcU^ having a given longer axis. Fig. 77 

Fio, 77. 




Let AB be the given axis. 

Ist, Divide AB into three eqnal parts, at C and D. 

2d, Proceed as in the last problem, to take C and D as centres 
for small arcs, and the intersections, E and F, as (jentres for large 
arcs tangent to these, and having radii equal to EG. 

Principles, — (See the last problem.) 

JRemarks* — (a.) C and D may be taken anywhere on AB ; only 
so that DB and AC shall be equal, and each greater than half of GD, 
if E and F are to be definitely located. If the circles on C and D 
as centres, do not intersect, any lines through C or D will meet pq 
*u the centre of an arc, tangent. to these circles. 

(b.) pq^ at right angles to AB, at its middle point, is the 
shorter axis of the oval ; and it appears that the parts of the oval 
on each side of each axis, are similar. Thus g'B/?, tunied over 
about pq as an axis, would coincide with qAp, Such a curve is 
said to be symmetrical^ with respect to its axes. 

Prob. 3. To construct on a given line a Sem,i- Oval, composed 
yf three arcs^ two of which are to have equal radii^ and passing 
through a given point on the bisecting perpendiciUar of the given 
Une. Fig. 78. 
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"Let AB be the given line, and D the given point on the bisect 
hxg perpendicular ; and let CD be less than CA. 

1st. From A and B, lay off AE and BQ, each less than CD. 

2d. Make DF equal to AE or BQ. 

8d. Join E and F. 

4th. Bisect EF, and note the poi it P, where the bisectbg per 
pendicular meets DC produced. 

6th. Draw the indefinite lines, Pr and P^. Then E and Q will 
be the centres of the arcs Ar and B«, and P the centre of the 
arc rDs. Therefore draw these arcs accordingly, 

FrincipleB. — 1*^. (See remark (b), Prob. 2.) 




\ \ i / 






'^I 



2^. A line, EF, which joins two points equally distant from the 
extremities, r and D, of two radii of an arc, is parallel to the 
chord of that arc. 

3®. The perpendicular to the middle point of a chord of an arc, 
passes through the centre of that arc. 

Bemark. — ^To make a well proportioned oval by this method, 
CD should not vary much from two-thirds of AC; and AE 
should be but little less than half of AC. 



Pbob. 4. Saving given a line^ and its bisecting perpendieidavy 
and two other lines, intersectii^g at a given point o/ the perpendiac- 
laTj and making equal angles with it^ it is required to draw a 
curvej having four arcs / two of them, to be tangent to the given 
intersecting lines at the given point / two to have their centres in 
the first given line, and those on the same side of the bisecting pci'^ 
pendicular to be tangent to each other. Fig. 79. 
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*!tJk. Draw the indefinite lines, ps and npty and similar o p.^ 
through rand/. 

8th. Then, e is the centre of the arc bet w'een eA and ps / /> is 
the centre of the arc between ps and npt / and /i is the centre 
of the arc between npt and the line through n and r produced, and 
passing through D. Let these arcs be thus drawn, and also the 
arcs having r and/* as centres. 

Principles. — The principles of the previous problems, with the 
remarks above enclosed in brackets, explain this construction. 

Remarks. — (a) The arcs having e and /i as centres, intersect 
at two points, p and q ; p^ only, is used, as is evident on inspec- 
tion. 

(b) A knowledge of the higher branches of mathematics enables 
one to construct this figure and figure 3 in various other ways, 
some of them having particular given ratios existing between the 
radii. A very simple special case is given in the next problem. 

(o) These oval curves are familiarly called "basket handles" 
by the French, on account of their shapo. They are much used 
ill the arches of stone biidges and tunnels. The pointed curve 
(Fig. 4) forms the outline of a depressed Gothic arch, as formed 
of circular arcs. ' 

Prob. 6. In the last problem^ let both the extreme centres and 
radii be given^ and tlie poi?it of tangeuoy of the middle arc and 
the arc having the longest radius, and Jet it be required to, find 
the centre of the middle arc. Fig. 81. 

Let O and e be the given centres, on the axes AC and AB, 
OC and eB the given radii, and D the given point of tangency. 

1st. Draw DO, and on it lay off Dg^ equal to eB, the radios of 
the smallest arc. 

2d. Draw ge^ bisect it, and draw the bisecting perpendicular, 
hp. 

Sd. From jt>, where hp meets DO, describe the required inter 
mediate arc, DF. 

Principles. — See (221), and Prins. 2® and 3° of Prob. (3.) Also 
Prob. (4.) 

222. An ellipse is an oval curve formed by cutting across a cone 
obliquely. The artificial ellipses, or ovals compos<^d of circular 
arcs, are most pleasing when they most closely resemble a true 
ellipse. According to the properties of the ellipse, which the stu- 
dent will find in the study of the Conic Sections, this resemblance 
will be most fully secured by making the greatest radius, as OC, 
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tyth. With g and h as centres, and f/A and hD as radii, describe 
the arcs Ae and cD, which will form tho required curve. 

Principles, — 1^. When two equal angles — ffep and qeh — ^having 
a common vertex— 6 — have a side of each— joc and e^— in the same 
straight line, and the remaining sides — ge and e/i — on opposite 
Bides of this line, those other sides will form one straight line — geh 

2°. See (221). 

Prob. 10. Having given two parallels^ it is required to draw a 
Curve composed of two tangent arcs^ each arc having its centre on 
one of the parallels^ and passing through a given point on thcA 
parallel. Fig. 85. 

Fio. 85. 




Let AB and CD be the given parallels, and A and D the given 
points. 

1st, Join A and D. 

2d, Mark any point, 6, on AD, at which the two arcs shall be 
tangent. 

3d, At m and w, the middle points of Ae and eD, draw the per- 
pendiculars, mo and nC ; and note the points o and C, where they 
meet the given parallels. 

Ath. With o and G as centres, describe arcs, passing through A 
and D, and they will be tangent at 6, and will compose the re 
quired curve. 

Principles, — See the last Problem. 

Remarks, — (a.) The last four problems are general solutions of 
the problems used in the construction of compound "Architectural 
mouldings." The curves of Figs. 83 and 83 form the outline:^ 
of the " moulding " called a " sootia," which is one of the " mem- 
bers" of the "base " of a " column." The curves of Figs. 84 — 
" Cyma Recta " — and 85 — " Cyma Reversa," — form the outlines 
of some of the "mould in 2:8" of the "cornices" of buildines. 
Other simple " mouldings," whose outlines are composed of single 
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X A ; second^ by varying the proportion betweefi the radii, XA, 
and OA. 

Another, and a more important variation consists in making a 
flattened oval, as in Fig. 96. This is done by simply placing the 
original circle in any vertical position oblique to AB, as on AB', 
and then projecting it in the direction B'B, at AB. This com- 
presses it to an ellipse whose shorter axis is AB, and longer one 
equal to AB' and perpendicular to the paper at O. Proceeding 
now as before, to draw the arcs MM^, etc., with X as a centre, make 
M,m^ = M^m, = M'm: Ofl^ = O'a, etc., and we find the flattened 
oval Ajn^aJ^^, 

This oval can be varied as above described in Fig. 96; also. by 
varying the angle BAB'. 

Ovals, and other curves, not circular, being first constructed by 
points, as just shown, they are drawn by means of irregular curves 
(33). In doing this, choose a portion of the curved edge, which 
will connect as many points at once as possible, taking care that 
the successive portions are truli/ tangent to each other^ and of a 
regular gradation of curvature. 

The irregular curve, however, can never " supersede the neces- 
sity for the accurate and refined education of the eye, which is 
obtained by" the suitable previous study of free-hand drawing.* 

* See Projection, by E. A, Davidson, p. 20. Also my **Elemektary 
Fbee-hand Dbaweng." 
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erne can be well shown in a circula 
lal radial bands, in which tbe prima 
idaries midway between them, and 

the spaces between which are each 
ly fire radii, for the five variations of i 
lent should construct such a diagram. 
t to be noticed, _^r*(, ihat all these eie 
;d with either black or white, are c 
, that any Awe, mixed with various p 
erics of shades of that hve/ thirdly, 
te, in various proportions, gives a seri 

jTstem of Chevreul the shades and tii 
s tones, and he proposes twenty torn 
'* scales " in his scheme. Each sh 
d by a prevailing color, as red, is cb 
e the pure color in its fullest inlensi 
lal tone." The other tones, radiating 
of an inferior intensity mingled wi 
lite, while those which are further fn 
tre deepened by increasing quantities 
a may here be given for the euperi 
s over that of hues. Pleasure is ai 
iropoition to the partial reserve with 
aerely suggested to it, rather than, a 
th. For in this way a field is offered 
ion. Tlius the shades and tints sugg 
rmanently ungratified curiosity to see 
would be painful, while yet that cm 
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locasional display of ihcse hues in small quantities. 
prevalence of shades and tints, points of bnlhant 
objects of vision in tbe most acceptable manner 
id Hnt« are so often met with in the aits that the; 
by certain popular nnmes, as follows : 
'.Slack. — Red and Black produce "Ctore?," Tel 
Drab ;" Blue and Blaclt " Blue-black." 
'■ White. — Red and White produce ^^ PinV^ and 
llow and White " Straw color;" Blue and White 

id Slack. — Orange and Black produce " Brown ,'' 

£ " Dahlia ;" Green and Black " In\'isible Green " 

id White. — Orange and Wbite prodnc 

lor;" Purple and White "Ijlach;" Green and 

een." 

arked here that certain secondaries, in whit,h one 

IB largely in excess, receive specific names. Thin, 

little blue produces '■^ crimson j" and red with a "s 

r produces ^'■scarlet." So blue slightly inclinmg % 

'■violet-blue ;" and again, ^'- peorgreen" or bluisli \ 

tinged with blue — and in like manner we have || 

Black and white, mixed in various proportions, "" 

>nea " of pure or " normal " gray. Any tone of 

1 any other color, gives a gray named from that 

cloud tints, and distant mountain shadows , ilso 

d in many fabrics, we have blue grays, purple 

lys, pink grays, etc. 

Of Pigments. ' 
. are the material colors used in the arts, and this 

m will conclude this notice of colors. Pigments ', 

two groups, called " Body colors " and " Trans i 

Body coloi-s are those wltli which it is very easy j 

np and hide any other color. Thus " Lampblack " « 

" are decidedly body colore, while cobalt blue and 3 

kusparent colors, and must be laid on veiy thick, "^ 

in order to hide a color under them. / 

)n between colors being of comparatively small ' 

he geometrical draftsman, will only be alluded to ^ 

linaiily used by the draftsman are vei-y few but "^k 
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ID fully colored drawings, as of locomotives, witt 
snrroimdiDgs, a number of colors are ofl«n used, 1: 
and in thick ooate. 

Blues. — Ji^ench Slue is a very rich bine, mm 
Ultramarine, but nearly as brilliant, while it work 

Smalt is a splendid violet color. 

Cobalt is a very pure and quite strong sky bine 
bright for drawing water lines, for example, than 

I*rtiasian Slue is a very deep, strong color, 
green ; and, since Indian ink is an intense " drab, 
the two has quite a greeuish cast, which may, 1 
tralized by a minute portion of cai'mine. 

Yellows, — Gamboge, a natural gum, which n 
unprepared state, is a bright yellow when nsec 
but is rather brown when laid on thick. 

King's Yelloto is a bright light yellow, having 
ish tinge. ITiere are also brilliant Chrome yellow 

Beds.— Car miTje is a gorgeous crimson. 

Crimson Lake is a little lees vivid than carmine 

Vermilion, a compound of mercury, is a brill 
hea\'y that it does not flow readily, and when mix 
any other color its particles sink to the bottom 
brush separate themselves from other tints, and s 
ness in the tint. 

For copper, therefore, mix gamboge and can 
gamboge and vermilion. 

Next to the pi'eoeding primaries are the follow! 

Orange is formed from Red and Yellow, as 
Crimson Lake, and Gamboge. 

PuKPLES of various shades are formed by mixii 
or Cobalt with Carmine. 

Gbeens. — Emerald Green is a brilliant light 
bright artificial Green may be made by mixing C( 
Yellow or Gamboge. 

Beowns. — £timt Sienna is a very strong brow 

ikpia is a pale dull brown. It affords a fine a 
vdtb a minute portion of Carmine, and either tha 
state, is a fine substitute for Indian ink in the exi 
iiigs which are shaded only, without having the o 
added. 

Sumt Umher is a beautifully clear dark-brow 
in tinted architectural drawings. 
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a still darker brown, which affords an appropriate 

r for Burnt Utnber. 

•Jire is Et dark dull "buff," oocasionally useful 

Ivory-black and Lampblack are both good blacks, thr 

; a little more intense. 

-Chinese White is the purest and best working color 

rbite " is a chalky color, not satis&ctory in its » oAing 

B. — Of Harmony of Color, 
many of color means agreeable combination of color, 
) kinds, harmony by analogy, and by contrast. 
■ii analogy exists between slightly different tones {'. 
;olor, which will be near each other on the same radial 
Also between tones in nearly related scales of the 
iich as wonld be found side by side at nearly or quite 
^ance from the centre, and on consecutive radial bands. 
of contrast exjsts between (ones placed far apart on 4J 

lie, or radial band ; also between scales of the same ^ 

sart as possible, as between the reddest of the orange- i^ 

yellowest of the orange-yellows ; ami finally, and moat -^ 

etween complementary colors. 3 

ntary colors are pairs of colors which, together, con- ^ 

primarlex, in proportions to make white. They are '% 

reeable, since white, or natural light, and hence its 
taken in proportions to produce il, satisfies the eye. -^ 

y will thus be complementary to the sum of the other 
, complementary to green ; purple to yellow ; etc. ^ 

nable the harmonious combinatioas of colors to be i 

ibered, a subdivided hexagon may be prepared, with 
>|)endage3, as agb, as seen in the following diagram, in 
irmonious or "complementary" tints are arranged in 
perspicuous manner. j. 

;e, being the sum of all the colors, contains that in it 
harmony with any given color, hence it is a familiar ' 

rs of dress, etc., that white looks well with any color. "^ 

ok, being only negative, or the absence of al! positive , Jj 

>thing in it discordant with any given color ; hence *^ 

[iially well known that black looks well vrith any other f^ 

lUecting this, and also the formation of the shades and "* 

ars that red, claret, and pink are in harmony with ^ 

ble green, a.Tii pale grec". See Fig. 97. Teilow, ^^drab," ■ai 

olor also harmonize with purple, dahlin, and lilnch. jU 
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■black, and "pearl color," again, are in hs 

•w?r, and " biij'." In general, we conclude 1 

id on the same axis, aa mk, will harmonize. 

R = red ; B -= blue ; asd Y = yellow. 

— white. 

■ example : 

= orange + purple — (R+ Y) + (R+B) — 2 ] 

3lue+yellow=Y + B. 

green=3 R + 2 Y + 2 B=W., as required 

irmony of color. 




jwiae, in the diagram of Chevreul (234), an; 
B same diameter are "complementary" or 
>ove harmoni(.'9 of complementary colors 
iperations with the uae of many colors woul 
But various shades, tints, that is tones of tht 
in easy gradation, are pii>asiDg also; and b< 
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latedcolore, as of two orange "scales," or 
it than the other. Moreover, as we can e 
iCtion at a time, while we can hear c!e 
tgy of color harmony, to harmony of so 
ct, it is only necessary that colors which 
I should be truly " complementary," that 

C. — Lettering. 

e to a drawing should answer distincti 
jt. Who, Where, and When — What, inc 
Who, both as to designer or invvntor, i 
loth aa to the place, institution, or office 
lade, and the locality of the object di 

of lettering on a drawing having now 
ign and exennttion of the tide may be tres 
jads: 

;. — This should be below the middle of th 
, agreeable to see the space above the dr 
illy ia above the object itself, which is re 
ig is perfectly symmetrical, its title shonli 
mmetry as the di'awing. If the drawing 
c may be at either of the lower corners. 
lies do not apply to horizontal views, a 
the title may be wherever the shape < 
place. 

iment. — An important element of beant; 
Its lines of letters should vary in lengi 
;d by joining their extremities should \ 
the proportions of the title may approj 
) drawing. The principal line of the till 
irds, may be extended, by separating 1 
use of expanded letters, or by the additio 
r ornaments at the end. A central po 
je secured by a monogrnm. If necessar; 
oslly on a single horizontal line at the 
u'incipal words being in the middle, am 
t the two sides. 

rizontat lines should prevail ia the direct 
in the title. Indeed, the title may bo 
lontal lines with good ef'ect, though an 
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curve for the principal -words m 

includes Bome conspicuons arching 
—The size of the title should be aj 
. Id particular, the rule has bet 
le largest letters in the title shou 
of the ehorter aide of the border 
ifferent poitiona of the title shonld 
ortance, the name of the object ai 

tliat of the draftsman, his locat 
ing considerably smaller. 
I. — This may correspond in style 
iT of the drawing. Geometrical 
y lettered with geometrical letters, 
'S look well. Any letters, howev 
efined and precise form, as Germa 

a geometrical drawing ; but vagn 
t'hand letters are in bad taste on si 
fht, — Letters should correspond ii 
■yi- with the rest of the drawing, : 
heaviness of solid black outline, o 
intness. Also, violent contrasts 

portions of the title should be avt 
adual change, both of intensity anc 
important woi-ds of the title. 
'h. — This should, first of all, not 
Amman's ability to execute it with 
Then it should agree with the ch; 
md simple letters look best on a sii 
id and highly finished drawing m 
ental character. 
•pages to autographic collections o 

of the plates tliaif the title on a < 
im of size and style of execution 
I'tain conformity to the general ohi 
jy are prefixed. 

D. — borders, 
'iigmce is exercised in the conatru 
its execution; and Taste in its 
d, togethei' with akiU, are exerciae< 
, but each, especially, on its own 
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hxis made for the manifestly complete action of iha 

iftsman's work, and the border thus becomes the 
ty to what it in/ilosea, and thereby separates from 
as having a distinct claim to notice, 
think, is the whole general theory and signifioance 
Other minor principles of taste, which should rega 

are apjiended below. 

drawings the border Bhould be a geometrical de 
ith curved or angular comers, or with combination 
curved lines, forming geometrical corner pieces 
may vary in complexity from a lectangnlar border 
a borders which, though geometrical, may be elabo- 
Dt, thus echoing the character of the drawings in- 
. Thus : a plate of varieties of straight horizontal 
a plain , rectangular border ; one including oblique 
le oblique lines in the border, either as a little tuft 
a truncated comer, or a square set diagonally, etc. 
ng curve lines may have quarter-circle borders, 
r concave inwards — of which the former have most 

plates may also have little circles for comer-pieces, 
metimes conform in a pleasing manner to the gene- 
. drawing. Thus, an arched bridge may have a 
■ border and a square-cornered border at the base 

and an ornamental device may crown the summit 

le drawing is a shaded one, containing, therefore, 
work, the border may be partly free-hand also ; 
be largely geometrical in its design, and should 
border of substantial materials, corresponding to 
he drawing. Thus, the mouldings and ornaments 
t ornamental metallic castings, carvings in wood, 
ister, or sci-olls and leaves of rolled metal ; but gar i, 
id tendrils, etc., should not be introduced, 
ler to a geometrical drawing should be like the 
a being executed with the drawing-pen and brush, 
the mapping-pen. Free-hand pen-borders, rcpre- 
Dducts of the soil, with cornucopias, little pen 
lery, or similar agricultural or landscape devices, 
mer-uieces, are more appropriate on topographical 

or, " primary " colors should not be largely intro- 
border ; Jimt, since they, when obtrusive, arc 
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ruder or less impressible tastes than tl 
6, and tints (235) Vfhieh are more gratii 
I secondly, from the impertinent conspi 
Ive to the border. 

a which are shaded only in sepia or : 
, may have the border done in the sa 
tary color. Tinted ink drawings are b' 
border. 

ect beauty embraeeB both decision am 
in compactness, joined with easy ciirva 
and agile frame. Honce a rambling oi 
ys vague, weiik, and slovenly-looking. 
ly, the draftsman should learn to keep L 
/ well balanced. That is, he should n 
ed drawing, a border that he cannot w 
should be so reasonably contented v 
not to hinder their legitimate and su< 
sing attempts to exercise higher or c 
least fully, possessed. 

E.— "Jbne." 
I word is used figuratively by artists, it 
■t of music, and used to denote biighl 
lor — as distinguished from dull or " low 
principle to be chiefly observed is, tl 
ty of tone throughout the drawing. 1 
uld not be coupled with very faintly gn 
mc-work, and very dark and black-grai 
be associated with a vei-y faint border 
•knesM of the whole will generally be r 
al preference of the draftsman, 
ording to the foregoing principles, the 1 
e problems should be light as well as si 
designs for pavements, at least whei 
a plate, ai'e bc'tter without borders, 
ay have for a border_;!/ie double lines o: 
, in one or more shades. 
ereiit draftsmen and writers on geom 
tints of different strength of color for 
9. Faint lints are much more easily la' 
orrespondence between the depth of tl 
be material, especially in case of inetala 
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ed drawings, such as may be seen in ma 
' machinery. 

3r hand : Fii'St, as the draftsman's represei 
artificial in form, that is, so unlike " picti 
tly be equally artificial in color; Second, tl 
with white paper is as decided as that be 
imple, and the blackened walls of the room 
1 found, so that, considering also the snp' 
inta, they seem, on the whole, preferable. 

Y.—The Frame. 

'>Ject of the Frame is to afford a suitable 
I drawing, and hence should bo so subordi 
■ as not to distract attention from the drav 
rinciples of the last topic, taken in oonne 
n geometrical drawings a large part of th 
tgest that a gilt frame is, in general, prefi 
vooden one. Occasionally the latter styl 
priate, as in case of a very darkly-shadet 
ei', or of a drawing which very completi 

fed be said that a frame of plain moiildin 
jr a geometrical drawing than is a carved 
le. For ordinary geometrical drawings, 
a frame of butternut, or any Jight-colo: 
[livened by a gilt band. 

G. — Special Ornaments. 
are : Vignettes, Meridians, and variotis syi 
wrought into the title or comer-pieces. 

ttes in a geometrical drawing, may be m 
orial view of the object drawn, with its 
; or of the office, room, or institution at 
made. Similar ornaments on a topograpl 

little pen-pictures of views seen on or ii'o 
•.A. Emblematic devices on a geometric; 
irhaps, properly include anything but picti 
imonts, unless in case of title-pages to col 
in a series of plates like those of this v 
ht contain a picture of a pile of plates Ic 

A volume of plates of shadows might h 
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adows, or a group of small shaded Sf 
chine drawing a little pictare of a macb 
respect to special omamonts, all strain 
lus originality or effect should be avoid< 

and hence unnatural, devices, or the 
ireign to the character and associatione 

taste. 

Ii one, the beat effect that he can prodi 
^s fi'om the pleasant exercise of his 
ithout painful efforts at imitation or ori 
. always agreeable where nothing higher 
tious insignificance of device is always ( 

among the means of improving whati 
of decorative taste appropriate to his a 
ss, the following are prominent, if no 
/ with objects of beauty, and reflection 
th devoUon to Purity and Truth. 
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